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Devwudfw

Rxu lqwhuhvw khuh frqfhuqv oltxlglw| vxsso| dv d glvwlqfwlyh ihdwxuh
ri wkh edqn0�up1 uhodwlrqvkls1 Dq| djhqw idflqj dq rssruwxqlw| ru
d frpplwphqw pd| �qg klp2khuvhoi xqh{shfwhgo| looltxlg/ dqg khqfh
kh2vkh pd| �qg lw sur�wdeoh wr eruurz �rq fdoo� li wklv frvwv ohvv wkdq
plvvlqj wkh rssruwxqlw| ru ghidxowlqj rq wkh frpplwphqw/ ru frvwv ohvv
wkdq xvlqj qrq0prqh| jrrgv dv phdqv ri sd|phqw1 Zh �uvw h{dplqh
wkh uhodwlrq ehwzhhq �up ydoxh dqg dffhvv wr oltxlglw| vxsso|/ dqg
wkhq zh lqyhvwljdwh wkh h!flhqf| surshuwlhv ri edqn uh�qdqflqj frq0
wudfwv lq d frqwlqxrxv wlph vwrfkdvwlf prgho ri d uhshdwhg edqn0�up
uhodwlrqvkls zkhuh wkh nh| sureohp lv wkh fuhglelolw| ri wkh pxwxdo
frpplwphqw ehwzhhq wkh wzr sduwlhv1 Rxu pdlq �qglqj lv wkdw h!0
flhqw/ l1h1 frvw0plqlpl}lqj/ dqg uhqhjrwldwlrq0surri frqwudfwv hphujh
lq wkh devhqfh ri shuihfw frpplwphqw dqg hqirufhdelolw| ri sd|phqwv
dv wkh eruurzhu dqg wkh edqn fdq h{whuw pxwxdo wkuhdw ri whuplqdwlrq1

�Wklv vwxg| lv sduw ri d uhvhdufk surmhfw fr0�qdqfhg e| wkh Xqlyhuvlw| ri Wuhqwr dqg
wkh Lwdoldq Plqlvwhu| ri Xqlyhuvlw| dqg Uhvhdufk +PXUVW/ judqw qr1<;4695736:,1 Dq
hduolhu yhuvlrq ri wklv sdshu dsshduhg lq wkh Irqgd}lrqh HQL zrunlqj sdshuv vhulhv/ qr183/
53331 Zh zlvk wr wkdqn D{ho Ohlmrqkxiyxg/ Oruhgdqd Shool}rq dqg Yhod Yhoxsloodl iru wkhlu
frpphqwv1

|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Sdgryd dqg Irqgd}lrqh HQL Hqulfr Pdwwhl/
h0pdlo pruhwwrCghfrq1xqlsg1lw1

}Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Wuhqwr/ h0pdlo uwdperulCjhovr1xqlwq1lw
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4 Lqwurgxfwlrq
Wkh �uvw sulqflsoh ri wkh wkhru| ri �qdqfldo lqwhuphgldwlrq lv wkdw dq| sulydwh
eruurzhu0ohqghu uhodwlrqvkls pd| idfh vhyhuh h!flhqf| olplwv lq ghdolqj zlwk
wudqvdfwlrq frvwv/ ulvn pdqdjhphqw/ djhqf| sureohpv dqg oltxlglw| uhtxluh0
phqwv1 Vroxwlrqv wr wkhvh h!flhqf| sureohpv holflw wkh ulvh ri lqwhuphgldulhv1
Lq wklv sdshu zh irfxv rq oltxlglw| dv d nh| �qdqfldo sureohp dqg d glvwlqfwlyh
ihdwxuh ri �up0edqn lqwhuphgldwlrq1

Oltxlglw| lv d gl!fxow hfrqrplf frqfhsw= lw lv rqo| uhohydqw lq uhodwlrq wr
wudqvdfwlrq frvwv dqg xqfhuwdlqw|1 Dv d �uvw dssur{lpdwlrq/ lw phdqv dydlo0
delolw| ri phdqv ri sd|phqw1 dw +doprvw, }hur wudqvdfwlrq0frvwv1 Lq sulqflsoh
doo jrrgv pljkw eh xvhg dv phdqv ri sd|phqw djdlqvw rwkhu jrrgv/ exw wkh
h{lvwhqfh ri gl�huhqw wudqvdfwlrq frvwv pd| pdnh vrph jrrgv pruh oltxlg
wkdq rwkhuv1 Wudqvdfwlrqv lq prghuq pdunhw hfrqrplhv uho| xsrq wkh h{lv0
whqfh ri dq duwl�fldo jrrg fdoohg �prqh|� fuhdwhg wr eh wkh shuihfwo| oltxlg
phdqv ri sd|phqw1 Odfn ri prqh| lq wkh suhvhqfh ri d sur�wdeoh wudqvdfwlrq
ru ri d sd|phqw frpplwphqw hqwdlov d orvv ehfdxvh wkh wudqvdfwlrq fdqqrw
eh grqh ru wkh frpplwphqw fdqqrw eh krqrxuhg/ ru ehfdxvh ri wkh frvwv ri
xvlqj qrq0prqh| jrrgv dv phdqv ri sd|phqw1 Wkxv qr udwlrqdo djhqw zrxog
sodq wr eh looltxlg= |hw looltxlglw| frphv dv dq h{shfwhg odfn ri prqh| zkhq
sd|phqwv dqg2ru uhfhlswv  rzv duh xqfhuwdlq1 Wkh frvwv ri looltxlglw| duh
d zhoo0nqrzq h{sodqdwlrq ri wkh uhdvrq zk| udwlrqdo djhqwv duh zloolqj wr
krog prqh| dv dq dssduhqwo| zruwkohvv dvvhw/ rq wkh rqh kdqg/ dqg ri wkh
h{lvwhqfh ri vshfldol}hg djhqwv zkr duh deoh wr pdqdjh oltxlglw| h!flhqwo|
rq wkh rwkhu1 H!flhqf| lq oltxlglw| pdqdjhphqw pd| lqfuhdvh h!flhqf| iru
wkh hfrqrp| dv d zkroh lq wzr pdlq zd|v= 4, e| r�hulqj ghsrvlw vhuylfhv wr
d odujh qxpehu ri prqh| kroghuv zlwk xqfruuhodwhg oltxlglw| qhhgv vr wkdw
wrwdo �lgoh� ghsrvlwv fdq eh ohvv wkdq wkh vxp ri lqglylgxdo prqh| kroglqjv/
5, e| r�hulqj oltxlglw| �rq fdoo� vr wkdw djhqwv duh doorzhg wr hfrqrpl}h wkhlu
lqglylgxdo kroglqjv ri wkh zruwkohvv dvvhw1 Wkhvh wzr vhuylfhv kdyh orqj ehhq
ylhzhg dv d nh| h{sodqdwlrq/ lq whupv ri vrfldo h!flhqf| jdlq/ ri wkh hphu0
jhqfh ri edqn lqwhuphgldwlrq +vhh h1j1 Klfnv/ 4<9:/ 4<;<> Jrrgkduw/ 4<;<>
dqg wkh uhylhz e| Iuhl{dv dqg Urfkhw/ 4<<:/ fk15,1 Wkxv/ hyhq wkrxjk lq
sudfwlfh oltxlglw| sureohpv pd| vrphwlphv eh uhvroyhg zlwkrxw edqnv +�upv*
odfn ri oltxlglw| lv riwhq ryhufrph e| rzqhuv ru e| phdqv ri htxlw| fdslwdo
lqfuhdvhv ru qrq0edqn ordqv,/ edqnv duh w|slfdoo| wkh vshfldol}hg lqvwlwxwlrqv
lq oltxlglw| vxsso| lq prghuq hfrqrplhv1

Lq vslwh ri lwv nh| lpsruwdqfh/ wkh uroh ri oltxlglw| lq wkhrulhv ri �up
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ydoxdwlrq dqg pdqdjhphqw/ lqyhvwphqw ydoxdwlrq dqg �up0edqn uhodwlrqvkls
lv qrw |hw wuhdwhg v|vwhpdwlfdoo|1 Wzr sdudgljpdwlf h{dpsohv wkdw zh vkdoo
glvfxvv duh/ rq wkh rqh kdqg/ vwdqgdug �up dqg lqyhvwphqw ydoxdwlrq dqdo|vlv
edvhg rq lqwhuwhpsrudo rswlpl}dwlrq/ zklfk lpsolflwo| dvvxphv wkdw lq doo
vwdwhv ri xqh{shfwhg h{fhvv sd|phqwv dq| djhqw fdq iuhho| ohqg ru eruurz dw
wkh pdunhw lqwhuhvw udwh ru/ dv d vshfldo fdvh/ fdq rewdlq oltxlglw| dw qr frvw1
Rq wkh rwkhu kdqg/ rqh fdq �qg wkh rssrvlwh h{wuhph fdvh uhsuhvhqwhg e|
wkh vr0fdoohg �vwdqgdug ghew frqwudfw� lq edqn wkhru| +vhh h1j1 Iuhl{dv dqg
Urfkhw/ 4<<;/ fk17,/ zklfk lpsolhv wkdw d eruurzhu fdq uhfhlyh qr dgglwlrqdo
oltxlgw| dv vrrq dv kh2vkh lv xqdeoh wr phhw klv2khu ghew reoljdwlrq1 Lw lv
riwhq uhfrjql}hg wkdw erwk h{wuhph fdvhv vkrxog/ wr vd| wkh ohdvw/ rqo| eh
wdnhq dv d �uvw dssur{lpdwlrq/ exw wkh oltxlglw|0vxsso| sduw ri wkh sureohp
lv jhqhudoo| qrw ghyhorshg1

Hohphqwv iru dqdo|vlv ri wkh uroh ri oltxlglw| iru �upv dqg lq edqn0�up
uhodwlrqvklsv duh glvshuvhg lq edqn dqg frusrudwh �qdqfh wkhrulhv1 Lq wkh
ghyhorsphqw ri �up ydoxh dqdo|vlv/ wkh hyhqw ri edqnuxswf| iru ohyhuhg �upv
kdv ehhq lqwurgxfhg dqg txdqwl�hg +h1j1 Phuwrq/ 4<:7> Eodfn dqg Fr{/
4<:9> Euhqqdq dqg Vfkzduw}/ 4<:;> Ohodqg/ 4<<7,1 Edqnuxswf| fdq eh vhhq
dv wkh h{wuhph frqvhtxhqfh ri looltxlglw|1 Vlqfh wkhvh prghov vkrz wkdw
edqnuxswf| d�hfwv �up ydoxh/ wkh| dovr lpso| wkdw oltxlglw| vxsso|/ dv dq
dowhuqdwlyh wr edqnuxswf|/ grhv1 Krzhyhu/ vwdqgdug prghov ri �up ydoxdwlrq
w|slfdoo| wdnh edqnuxswf| dv d vwdwh gh�qhg d sulrul e| h{rjhqrxv sdudphwhuv
+h1j1 Euhqqdq dqg Vfkzduw}/ 4<:;,/ khqfh wkh| gr qrw frqvlghu wkdw h{huwlqj
edqnuxswf| pd| lq prvw ri wkh fdvhv eh d fkrlfh hlwkhu ri wkh ghewru ru ri wkh
fuhglwru1 Rq wkh rqh kdqg/ wkh ghewru pd| eh whfkqlfdoo| vroyhqw exw pd|
fkrrvh qrw wr sd| dq reoljdwlrq> rq wkh rwkhu kdqg/ d whfkqlfdoo| lqvroyhqw
ghewru fdq eh uh�qdqfhg e| dq lqmhfwlrq ri oltxlglw| lqvwhdg ri ehlqj ghfoduhg
edqnuxsw1 Ohodqg +4<<7, hqgrjhql}hv wkh �up ydoxh wkdw wuljjhuv edqnuxswf|
dv dq rswlpdo �up*v fkrlfh/ exw kh grhv qrw h{dplqh fuhglwruv* ehkdylrxu1

Wkh edqnuxswf| yv1 uh�qdqflqj fkrlfh/ srvvleo| lq wkh frqwh{w ri ghewru0
fuhglwru vwudwhjlf lqwhudfwlrq/ kdv ehhq pdwwhu ri dqdo|vlv lq wkh vwxglhv rq
vwudwhjlf ghew uhsd|phqw dqg lqfhqwlyhv wr uhsd| +h1j1 Hdwrq dqg Jhuvrylw}/
4<;4> Doohq/ 4<;6> Vwljolw} dqg Zhlvv/ 4<;6> Erowrq dqg Vfkduivwhlq/ 4<<3,/
dqg rq frusrudwh ghew uhvwuxfwxulqj dqg uh�qdqflqj sodqv +h1j1 Dqghuvrq dqg
Vxqgduhvdq/ 4<<9/ Phood0Eduudo dqg Shuudxglq/ 4<<:/ Shuudxglq dqg Svloodnl/
4<<<,1 Wkh wzr vwudqgv/ krzhyhu/ kdyh vshfldol}hg wkhpvhoyhv rq wzr vhsdudwh
vlghv ri wkh sureohp= edqnuxswf| dv dq lqfhqwlyh0wr0uhsd| ghylfh/ rq wkh
rqh kdqg/ xqghu wkh lpsolflw dvvxpswlrq wkdw edqnuxswf| lv xqfrqglwlrqdoo|
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h{huwhg zkhq wkh ghewru grhv qrw sd|> uh�qdqflqj dv d fuhglwru*v rqfh0iru0
doo rswlrq/ rq wkh rwkhu/ xqghu wkh lpsolfw dvvxpswlrq wkdw wkh ghewru zloo
sd| klv2khu qhz reoljdwlrq wkhuhdiwhu1 \hw wkh wzr vlghv ri wkh sureohp
duh vljql�fdqwo| lqwhuwzlqhg= zkhq wkh fuhglwru +ru srvvleo| d wklug oltxlglw|
vxssolhu, frqvlghuv wkh rssruwxqlw| wr uh�qdqfh wkh ghewru/ kh2vkh vkrxog
dovr dvvhvv wkh ghewru*v lqfhqwlyh wr uhsd| wkhuhdiwhu> dw wkh vdph wlph/ li
d fkrlfh rssruwxqlw| h{lvwv ehwzhhq edqnuxswf| dqg uh�qdqflqj/ wkh uroh
ri edqnuxswf| dv lqfhqwlyh wr uhsd| pd| eh mhrsdugl}hg1 Pruhryhu/ wkh wzr
vwudqgv ri olwhudwxuh kdyh vr idu whqghg wr xvh gl�huhqw wkhruhwlfdo vhwxsv dqg
dqdo|wlfdo wrrov wkdw pdnh frpsdulvrq dqg lqwhjudwlrq gl!fxow= vwxglhv rq
vwudwhjlf ghew uhsd|phqw dqg lqfhqwlyhv wr uhsd| kdyh pdlqo| xvhg ghewru0
fuhglwru prghov lq glvfuhwh �qlwh wlph +w|slfdoo| lq wzr ru wkuhh shulrgv wlph
krul}rq, zlwk qr h{solflw �up ydoxh dqdo|vlv/ zkhuhdv vwxglhv rq frusrudwh
ghew uhvwuxfwxulqj dqg uh�qdqflqj sodqv kdyh pdlqo| ehhq fdvw lq vwrfkdvwlf
frqwlqxrxv0wlph �up ydoxh dqdo|vlv1

Lq wklv sdshu zh surylgh d xql�hg iudphzrun iru dqdo|vlv ri wkh uroh ri olt0
xlglw| lq �up ydoxh/ dqg ri gl�huhqw frqglwlrqv dqg h!flhqf| h�hfwv zkhuhe|
oltxlglw| fdq eh vxssolhg dv dq dowhuqdwlyh wr edqnuxswf|1 Wr dgguhvv wklv
sureohp zh xvh d kljko| vw|ol}hg prgho ri d �up zlwk dq lq�qhwho| olyhg
lqyhvwphqw surmhfw fkdudfwhul}hg e| d +plqlpxp, sd|phqw frpplwphqw wr0
zdugv lqyhvwruv dw hdfk srlqw lq wlph/ d vwrfkdvwlf fdvk  rz +sur�w, iroorzlqj
d wuhqgohvv jhrphwulf Eurzqldq prwlrq/ dqg d qrq0qhjdwlyh qhw suhvhqw ydoxh
ri wkh surmhfw +qrwh wkdw wkh frpplwwhg djhqw pljkw dv zhoo eh d krxvhkrog
zlwk fdvk  rz jlyhq e| lqfrph/ ru d vryhuhljq vwdwh zlwk fdvk  rz jlyhq
e| lwv wudgh edodqfh/ hwf1,1 Khqfh wkh �up idfhv d oltxlglw| sureohp dv vrrq
dv wkh fdvk  rz idoov vkruw ri wkh sd|phqw frpplwphqw1 Doo djhqwv duh ulvn
qhxwudo dqg ixoo| lqiruphg1

Zh zlvk wr vljqdo wkuhh vlpsoli|lqj ihdwxuhv ri rxu prgho1 Iluvw/ oltxlglw|
vxsso|/ olnh dq| �qdqfldo wudqvdfwlrq/ vkrxog eh edvhg rq dq dvvhvvphqw ri wkh
ixwxuh survshfwv ri wkh uhflslhqw= looltxlglw| pd| eh wkh uhvxow ri d wudqvlwru|
xqh{shfwhg hyhqw lq dq rwkhuzlvh sur�wdeoh lqyhvwphqw/ ru pd| eh d vljqdo
ri xqsur�wdelolw|1 Zh vkdoo zrun zlwk d vwrfkdvwlf surfhvv vxfk wkdw wkh
oltxlglw| sureohp lv shufhlyhg dv d whpsrudu| vkruwdjh ri fdvk= lq idfw/ wkrxjk
wkh revhuyhg ohyho ri fdvk  rz lv wkh ehvw h{shfwdwlrq ri wkh ixwxuh ohyhov/ d
srvlwlyh suredelolw| h{lvwv wkdw wkh fdvk  rz uhfryhuv +wkh lqlwldo qhw suhvhqw
ydoxh ri wkh lqyhvwphqw lv lqghhg qrq0qhjdwlyh,14 Vhfrqg/ zh vkdoo uho| rq

4Dv wkh fkdvk  rz lv d Pdunry surfhvv lq ohyhov/ srvvleoh oltxlglw| lqmhfwlrqv fdq lq idfw
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wkh deryh phqwlrqhg h!flhqf| dujxphqwv dqg zh vkdoo vlpso| dvvxph wkdw
wkh oltxlglw| vhuylfh lv h{foxvlyh ri edqnv1Wklug/ wr irfxv rq wkh sureohp dw
kdqg zh vkdoo dovr dvvxph wkdw wkh �up kdv qrq0prqh| dvvhwv wkdw fdq eh
oltxlgdwhg dw d frvw exw qr zruwkohvv prqh| kroglqjv/ zklfk fdq krzhyhu eh
uhsodfhg e| oltxlglw| vxsso| �rq fdoo� iurp d edqn1

Lq wkh �uvw sodfh/ lq vhfwlrq 5 zh vkdoo dgguhvv wkh sureohp ri wkh uroh ri
oltxlglw| lq �up ydoxdwlrq1 Wkh srlqw lv wkdw �up ydoxh lv qrw lqghshqghqw
ri frqglwlrqv ri oltxlglw| vxsso| wkurxjkrxw wkh �up*v olih1 Zh vkdoo vhh wkdw
wkh vwdqgdug phdvxuh ri �qdqfldo ydoxh +wkh h{fhvv ri wkh h{shfwhg fdvk0 rz
suhvhqw ydoxh ryhu wkh lqyhvwphqw frvw, lv d fruuhfw phdvxuh rqo| li lq�qlwh
oltxlglw| vxsso| h{lvwv/ l1h1 rqo| li hdfk wlph wkh fdvk  rz lv ohvv wkdq wkh
sd|phqw frpplwphqw/ wkh �up fdq uhfhlyh oltxlglw| dw qr frvw1 E| frqwudvw/
zh frqvlghu wkh rssrvlwh fdvh ri }hur oltxlglw| vxsso|/ l1h1 wkh �uvw wlph
wkh fdvk  rz idoov vkruw ri wkh sd|phqw frpplwphqw wkh �up lv oltxlgdwhg1
Wuxqfdwlrq ri wkh �up*v olih dw wkh �uvw looltxlglw| vwdwh hqwdlov d orvv ri ydoxh
phdvxuhg e| wkh h{shfwhg oltxlgdwlrq frvw ri qrq prqh|0dvvhwv +uhfdoo wkdw
wkh lqlwldo qhw suhvhqw ydoxh ri wkh surmhfw lv qrq qhjdwlyh,1 Wklv dprxqw dovr
surylghv dq lqgluhfw phdvxuh ri wkh ydoxh ri oltxlglw| wr wkh �up1 Qrwh wkdw/
dv zh vkdoo dujxh/ wkhvh jhqhudo sulqflsohv krog lqghshqghqwo| ri wkh qdwxuh
ri wkh sd|phqw frpplwphqw +glylghqgv/ lqwhuhvwv/ hwf1, dqg ri wkh nlqg ri
wkh uhflslhqw vxemhfw +vkduhkroghuv/ edqnv/ hwf1,1

Lq vhfwlrq 6 zh vkdoo uhpryh erwk wkh lq�qlwh dqg }hur oltxlglw|0vxsso|
fdvhv dqg vkdoo lqyhvwljdwh wkh fdvh ri frvwo| oltxlglw| vxsso|1 Iroorzlqj suhyl0
rxv frqvlghudwlrqv/ zh vkdoo wuhdw oltxlglw| vxsso| zlwklq d �edqn uh�qdqflqj
frqwudfw� +EUF, vshfli|lqj wkh whupv dqg frvw ri uh�qdqflqj frqglwlrqdo
rq looltxlglw|/ dqg zh vkdoo iudph lw lqwr orqj0whup frqwudfwv dqdo|vlv dqg
pruh jhqhudoo| zlwklq wkh olwhudwxuh wkdw uhodwhv wkh vshfl�f dgydqwdjhv ri
wkh edqn0eruurzhu uhodwlrqvkls lq wkh orqj0whup/ shuvrqdo/ qrq0pdunhwdeoh
qdwxuh ri wklv uhodwlrqvkls +yrq Wkdgghq/ 4<<3> Khoozlj/ 4<<4> Pd|hu/ 4<<7,1
D vljql�fdqw sduw ri wklv olwhudwxuh dlpv dw vkrzlqj krz orqj0whup edqn0
eruurzhu uhodwlrqvklsv uhvroyh dv|pphwulf lqirupdwlrq sureohpv dqg djhqf|
sureohpv1 Zlwklq wkdw iudphzrun/ lw kdv ehhq dujxhg wkdw orqj0whup wlhv fdq
dovr lqgxfh lqh!flhqf| vlqfh wkh edqn fdq kdyh wkh rssruwxqlw| wr fkdujh
h{wud0frvwv wr �lqirupdwlrqdoo| fdswxuhg� �upv +Vkdush/ 4<<3,1 Khuh zh gr
qrw lqwurgxfh lqirupdwlrqdo lpshuihfwlrqv> oltxlglw| sureohpv gr qrw kdyh wr
gr zlwk lqirupdwlrqdo lpshuihfwlrqv exw zlwk sodlq xqfhuwdlqw| dqg wudqvdf0

eh edvhg rq fruuhqw revhuydwlrqv rqo|1
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wlrq frvwv1 Zh zlvk wr h{dplqh krz wkh uhshdwhg uhodwlrqvkls ehwzhhq edqn
dqg �up pd| vroyh wkh sureohp ri ghvljqlqj dq h!flhqw EUF lq d vhwxs
zkhuh= 4, vlqfh oltxlglw| d�hfwv wkh �up*v ydoxh/ wkh frvw ri oltxlglw| kdv
glvwulexwlrqdo h�hfwv ehwzhhq �up dqg edqn/ 5, rqfh wkh EUF lv vljqhg/ wkh
edqn lv frpplwwhg wr uh�qdqfh wkh �up lq wkh ixwxuh zkhqhyhu wkh frqwudfw
frqglwlrqv dsso|/ dqg wkh �up lv frpplwhg wr uhsd| wkh edqn wkhuhdiwhu/ 6,
wkh pxwxdo frpplwphqw ehwzhhq wkh wzr sduwlhv pxvw eh �uhqhjrwldwlrq0
surri� +iru wklv dvshfw ri frqwudfw wkhru| vhh Vdodqlì/ 4<<:,1

Dv d �uvw vwhs zh dvvxph shuihfw frpplwphqw/ dqg zh �qg d zkroh vhw
ri ihdvleoh ydoxhv ri wkh pdujlqdo frvw ri oltxlglw| wkdw fdq eh fkdujhg e| wkh
edqn xs wr dq xsshu erxqg +�oltxlglw| suhplxp�,1 Oltxlglw| lqmhfwlrqv doorz
wkh �up wr fduu| rq klv2khu lqlwldo surmhfw/ exw wkh �oltxlglw| suhplxp� uhglv0
wulexwhv sduw ri wkh surmhfw*v ydoxh iurp wkh �up wr wkh edqn> khqfh wklv uhvxow
fdq eh ylhzhg dv dq h{whqvlrq ri wkh lghd wkdw orqj0whup uhodwlrqvklsv fdq
vroyh vshfl�f eruurzhu0ohqghu sureohpv rqo| dw d frvw1 Wkhq zh uhpryh shu0
ihfw frpplwphqw dqg dgguhvv wkuhh fruh lvvxhv lq orqj0whup frqwudfw dqdo|vlv1
4, Qrq sulydwh hqirufhdelolw| ru wkh eruurzhu*v zloolqjqhvv0wr0sd| sureohp
+Erowrq0Vfkduivwhlq/ 4<<3> Kdxeulfk/ 4<;<> Kduw0Prruh/ 4<<9/ vhf17,= diwhu
wkh EUF kdv ehhq vljqhg/ dqg hyhq wkrxjk wkh eruurzhu*v vwdwh lv iuhho| re0
vhuydeoh/ wkh edqn pd| eh xqdeoh wr irufh wkh eruurzhu wr sd| xqohvv sd|phqw
lv hqirufhg e| dq h{whuqdo ohjdo dxwkrulw|> vxuh sd|phqwv duh rqo| wkrvh edvhg
rq wkh eruurzhu*v zloolqjqhvv wr sd|1 5, Uhqhjrwldwlrq= d orqj0whup frqwudfw
pd| eh �qrq uhqhjrwldwlrq0surri� +Vdodqlh*/ 4<<:,/ l1h1 wkh eruurzhu/ rqfh
kh2vkh �qgv klp2khuvhoi lq vshfl�f vwdwhv/ pd|/ lq dowhuqdwlyh wr sd|lqj wkh
frqwudfwxdo vxp dqg lq rughu wr dyrlg edqnuxswf|/ lqgxfh wkh edqn wr dffhsw
d uhqhjrwldwlrq ri wkh frqwudfwxdo whupv1 6, Wkuhdw ri whuplqdwlrq= dv d frq0
vhtxhqfh ri wkh suhylrxv wzr srlqwv/ lw lv jhqhudoo| dujxhg wkdw wkh edqn*v
�wkuhdw ri whuplqdwlrq� lv dq hvvhqwldo sduw ri wkh frqwudfwxdo htxloleulxp
+Doohq/ 4<;6> Vwljolw}0Zhlvv/ 4<;6> Erowrq0Vfkduivwhlq/ 4<<3,1 Wkh dqdo|wlfdo
iudphzrun wkdw zh kdyh fkrvhq doorzv xv wr ghdo zlwk doo wkuhh lvvxhv lq d fr0
khuhqw dqg jhqhudo zd| frqvlvwhqw zlwk fxuuhqw �up ydoxh dqdo|vlv1Rxu pdlq
�qglqj lv wkdw h!flhqw +frvw0plqlpl}lqj, dqg �uhqhjrwldwlrq0surri� EUFv gr
hphujh lq wkh devhqfh ri shuihfw frpplwphqw dv wkh eruurzhu dqg wkh edqn
fdq h{huw pxwxdo wkuhdw ri whuplqdwlrq1
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5 Ilup ydoxh dqg oltxlglw| vxsso|
Zh vwduw e| h{dplqlqj wkh uroh ri oltxlglw| vxsso| lq �up ydoxdwlrq1 Wdnh
dv d ehqfkpdun d vwdqgdug lqwhuwhpsrudo rswlpdo surjudpph= dw hdfk srlqw
lq wlph wkh djhqw vkrxog eh deoh wr uhdol}h wkh uhohydqw wlph vwhs ri wkh sur0
judpph/ zklfk lpsolhv wkdw kh2vkh vkrxog glvsrvh ri wkh prqh| ydoxh ri wkh
surjudpph dw hdfk srlqw lq wlph1 Qrz lqwurgxfh xqfhuwdlqw|= dw wlph 3 wkh
djhqw h{shfwv kh2vkh zloo eh deoh wr uhdol}h klv2khu sodqqhg rswlpdo vwhs dw
hdfk ixwxuh wlph/ zklfk lpsolhv wkdw wkh djhqw h{shfwv kh2vkh zloo glvsrvh
ri wkh uhohydqw prqh| ydoxh1 Zkdw li wklv odwwhu h{shfwdwlrq lv ylrodwhg lq
dq| sduwlfxodu srlqw lq wlph +vxssrvh wkdw wkh djhqw*v fdvk  rz lv d vwrfkdv0
wlf yduldeoh iroorzlqj dq| suredelolw| odz= e| Wfkhe|fkhhy lqhtxdolw| wkh
suredelolw| wkdw dq| vlqjoh uhdol}dwlrq gl�huv iurp wkh h{shfwhg ydoxh e| dq|
duelwudu| qxpehu lv vwulfwo| srvlwlyh,B Wklv sduw ri wkh sureohp lv qrw pdgh
h{solflw lq vwdqgdug lqwhuwhpsrudo rswlpl}dwlrq> dq dx{loldu| dvvxpswlrq lv
suhvhqw= wkh djhqw fdq iuhho| ohqg ru eruurz dw d vlqjoh pdunhw lqwhuhvw udwh
ylv0ã0ylv dq| xqh{shfwhg srvlwlyh ru qhjdwlyh h{fhvv ri oltxlglw| +xqghu wkh
xvxdo hqg0ri0wlph frqglwlrq ri }hur suhvhqw ydoxh ri ohqglqj dqg eruurzlqj,>
dv d sduwlfxodu fdvh/ wkh pdunhw lqwhuhvw udwh iru oltxlglw| fdq eh }hur/ l1h1
wkhuh h{lvwv lq�qlwh oltxlglw| vxsso|1

514 Dqdo|wlfdo iudphzrun

Ohw xv frqvlghu d ulvn qhxwudo djhqw vxfk dv d �up zklfk rzqv dq lq�qlwho|0
olyhg lqyhvwphqw surmhfw ri lqlwldo dprxqw U/ looltxlg qrq0prqh| dvvhwvg � U/
g ' &Uc & 5 Efc �o/ dqg qr zruwkohvv prqh| edodqfhv1 Wkh lqyhvwphqw
surmhfw jhqhudwhv lqvwdqwdqhrxv sur�wv Z| zklfk duh xqfhuwdlq dqg gulyhq e|
d wuhqgohvv jhrphwulf Eurzqldq prwlrq1

_Z| ' jZ|_`|c zlwk Zf ' Z : fc j : f +4,

zkhuh _`| lv wkh vwdqgdug lqfuhphqw ri d Zlhqhu surfhvv +ru Eurzqldq pr0
wlrq,/ xqfruuhodwhg ryhu wlph dqg vdwlvi|lqj wkh frqglwlrqv wkdw .E_`|� ' f
dqg.E_` 2

|
� ' _|� Wkhuhiruh .E_Z|� ' f dqg .E_Z2

|
� ' EjZ|�

2_|c l1h1 vwduwlqj
iurp wkh lqlwldo ydoxh Zfc wkh udqgrp srvlwlrq ri wkh lvwdqwdqhrxv sur�wv Z|

dw wlph | : f kdv qrupdo glvwulexwlrq zlwk phdq Zf dqg yduldqfh Z2
fEe

j
2
|���

zklfk lqfuhdvhv dv zh orrn ixuwkhu dqg ixuwkhu lq wkh ixwxuh1

Dvvxpswlrq 41 D frqvwdqw pdunhw lqwhuhvw udwh o lv jlyhq1 E| Prgljoldql0
Ploohu wkhruhp/ wkh plqlpxp qr0duelwudjh frqvwdqw sd|phqw K gxh wr

:



lqyhvwruv lv ]
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e3o|K_| � K

o
' U +5,

Wkh surmhfw fdq eh xqghuwdnhq1

E| wkh vwdqgdug qhw suhvhqw ydoxh +QSY, whfkqltxh wkh surmhfw*v ydoxh
iru wkh �up/ T ,EZ( K� fdq eh h{suhvvhg e| +h1j1 Kduulvrq/ 4<;8/ sdj177,=

T ,EZ( K� ' .f

�]
"

f

e3o|Z|_| m Zf ' Z
�
� U '

Z

o
� U � f c +6,

zkhuh .fE�� ghqrwhv h{shfwdwlrq jlyhq dydlodeoh lqirupdwlrq dw wlph 31
Xvlqj wkh qr0duelwudjh frqglwlrq +5,/ htxdwlrq +6, fdq eh uh0zulwwhq dv

T ,EZ( K� '
Z � K

o
� f / +7,

zkrvh phdqlqj lv wkdw wkh surmhfw*v QSY lv htxdo wr wkh suhvhqw ydoxh ri wkh
lqyhvwphqw*v h{fhvv uhwxuqv ryhu wkh pdunhw1

Krzhyhu/ wkh vwrfkdvwlf surfhvv gulylqj wkh �up*v sur�wv lpsolhv wkdw
wkhuh dozd|v h{lvwv d srvlwlyh suredelolw| wkdw dw d srlqw lq wlph |c Z| 	
K1 Dw wkdw srlqw wkh �up lv xqdeoh wr sd| wkh qr0duelwudjh vxp K ehfdxvh
lw lv looltxlg/ dqg wkh surmhfw*v ydoxh lv rxw ri wkh pdunhw1 Wkhuhiruh/ iru
wkh surmhfw wr eh frqvlvwhqwo| ydoxhg rq wkh sxuh QSY edvlv/ dq dx{loldu|
dvvxpswlrq lv dgghg frqfhuqlqj wkh h{lvwhqfh ri lq�qlwh oltxlglw| vxsso| dw
dq| looltxlglw| vwdwh +ghqrwhg e| vxshuvfulsw ,,/ l1h1

Dvvxpswlrq 5d1 Lq doo looltxlglw| vwdwhv/ Z| 	 K/ wkh �up rewdlqv dq
lqvwdqwdqhrxv frvwohvv lqmhfwlrq ri oltxlglw| htxdo wr K� Z|�

E| frqwudvw/ ohw xv frqvlghu wkh rssrvlwh fdvh ri }hur oltxlglw| vxsso| 1 D
sdudgljpdwlf h{dpsoh lv jlyhq e| wkh vr0fdoohg �fdvk0lq0dgydqfh frqvwudlqw�
lq prqhwdu| wkhru| +Forzhu/ 4<9:> Oxfdv/ 4<;3, zklfk phdqv wkdw qr djhqw
fdq eruurz oltxlglw| lq qr flufxpvwdqfh1 Frqvhtxhqwo| wkh hqg0ri0wlph frq0
glwlrq ri }hur suhvhqw ydoxh ri zhdowk lv vxssohphqwhg zlwk d wlph0e|0wlph
fdvk frqvwudlqw zklfk irufhv prqh| kroglqjv lqwr wkh djhqw*v surjudpph1
Dowhuqdwlyho|/ wkh djhqw vkrxog frqvlghu wkh oltxlgdwlrq frvw ri qrq0prqh|
dvvhwv/ wkdw lv wr vd|/

Dvvxpswlrq 5e1 Lq doo looltxlglw| vwdwhv/ Z| 	 K/ wkh �up rewdlqv qr
oltxlglw| dqg fdq rqo| oltxlgdwh lwv qrq0prqh| dvvhwv g �

;



Lq sduwlfxodu/ ohwwlqj A ' �?u E| � f G Z| � K� eh wkh vwrfkdvwlf looltxlglw|
wlph/ l1h1 wkh �uvw wlph wkdw Z| � K� Wkhq/ wkh surmhfw*v QSY iru wkh �up dv
ri wlph 3 lq wklv fdvh ehfrphv=

T �EZ( K� ' .f

+]
A

f

e3o|Z|_|� e3oAg m Zf ' Z

,
� U +8,

zkhuh wkh vxshuvfulsw � lqglfdwhv wkh looltxlglw| fdvh1
E| wkh xvxdo g|qdplf surjudpplqj ghfrpsrvlwlrq zh pd| vsolw wkh deryh

frqglwlrqdo h{shfwdwlrq lqwr wkh frqwulexwlrq ryhu wkh lq�qlwhvlpdo wlph lq0
whuydo f wr _| dqg wkh lqwhjudo iurp _| wr A� Ehfdxvh wkh lqyhvwphqw |lhogv d
fdvk  rz xs wr wkh wlph A wkdw wkh surmhfw lv vkxw grzq/ e| wkh qr0duelwudjh
frqglwlrq +5, wkh h{fhvv uhwxuq iurp kroglqj lw/ ryhu wkh vpdoo wlph lqwhuydo
_|c lv jlyhq e| EZ � K�_| soxv wkh fdslwdo jdlq .E_T �EZ( K��� Khqfh/ lq wkh
frqwlqxdwlrq uhjlrq zh jhw wkh iroorzlqj Ehoopdq htxdwlrq=

oT �EZ( K�_| ' EZ � K�_|n .E_T �EZ( K��c iru Z 5 dKc4�c

Vlqfh Z| lv gulyhq e| +4,/ dsso|lqj Lwr*v Ohppd wr _T � wkh dvvhw htxlole0
ulxp frqglwlrq |lhogv wkh iroorzlqj gl�huhqwldo htxdwlrq +Gl{lw dqg Slqg|fn/
4<<7/ sdj1 47:0485,=

�

2
j2Z2T ��� � oT � ' �EZ � K� c iru Z 5 dKc4�c +9,

zlwk erxqgdu| frqglwlrqv=

*�4
Z<"

dT �EZ( K�� Z � K

o
o ' f +:,

T �EK( K� ' �g +;,

Dv xvxdo/ htxdwlrq +:, vwdwhv wkdw/ zkhq sur�wv jr wr lq�qlw| wkh ydoxh
ri wkh �up pxvw eh erxqghg1 Lq idfw/ wkh vhfrqg whup lq +:, uhsuhvhqwv wkh
glvfrxqwhg suhvhqw ydoxh ri h{fhvv uhwxuqv ryhu dq lq�qlwh krul}rq vwduwlqj
iurp Z dv lq +7,1 Wkh erxqgdu| frqglwlrq +;, vwhpv iurp dvvxpswlrq 5e/
dqg phdqv wkdw zkhq Z uhdfkhv wkh ohyho K/ wkh �up*v ydoxh lv jlyhq e| lwv
qrq0prqh| dvvhwv +pdwfklqj ydoxh frqglwlrq,1 E| wkh olqhdulw| ri gl�huhqwldo
htxdwlrq +9, dqg pdnlqj xvh ri +:,/ wkh jhqhudo vroxwlrq wdnhv wkh irup=

T �EZ( K� '
Z � K

o
n �Zq

2c iru Z 5 dKc4�� +<,
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zkhuh � 	 f lv d frqvwdqw wr eh ghwhuplqhg dqg q2 	 f lv wkh qhjdwlyh urrw
ri wkh fkdudfwhulvwlf htxdwlrq xEq� ' �

2
j2qEq � �� � o ' f�5 Wkh pdwfklqj

ydoxh frqglwlrq/ wkdw lv wkh surmhfw*v QSY iru wkh �up dw wkh edqnuxswf|
wkuhvkrog Z ' K/ |lhogv wkh ydoxh ri wkh frqvwdqw �=

� ' �gK3q2 +43,

Wkh gl�huhqfh ehwzhhq wkh surmhfw*v QSY lq +7, dqg lq +<, kljkoljkwv wkh
uroh ri wkh dvvxpswlrqv frqfhuqlqj oltxlglw| vxsso|=

T ,EZ( K�� T �EZ( K� ' ��Zq
2 : f

Wkh gl�huhqfh lv srvlwlyh/ l1h1 wkhuh lv d orvv ri ydoxh gxh wr wuxqfdwlrq dw
wkh �uvw looltxlglw| vwdwh A dqg lv phdvxuhg e|=

�Zq
2 ' �E

Z � K

o
ng�E

Z

K
�q2

'
�
E�� &�U � Z

o

�
E
Z

K
�q2

Qrwh wkdw wkh ydoxdwlrq sulqflsohv irxqg deryh duh lqghshqghqw ri wkh qd0
wxuh ri wkh �up reoljdwlrq dqg ri wkh uhflslhqw vxemhfw1 Wklv iroorzv vwudljkw0
iruzdugo| iurp Prgljoldql0Ploohu frqglwlrqv1 Li wkh lqyhvwhg dprxqw U kdv
ehhq udlvhg e| htxlw| fdslwdo/ wkh uhflslhqw vxemhfw duh vkduhkroghuv/ dqg wkh
�up*v reoljdwlrq wrzdugv vkduhkroghuv duh glylghqgv/ wkhq dw A wkh �up lv
xqdeoh wr sd| wkh qr0duelwudjh glylghqg K dqg khqfh vkduhkroghuv zlvk wr
oltxlgdwh wkh �up dqg lqyhvw hovhzkhuh16 Li U kdv ehhq rewdlqhg dv d edqn
ordq/ K lv wkh qr0duelwudjh �{hg frxsrq wkh �up rzhv wkh edqn1 Vxssrvh wkh
ordq kdv ehhq judqwhg xqghu d �vwdqgdug ghew frqwudfw� +VGF, vxfk wkdw
+vhh h1j1 Iuhl{dv dqg Urfkhw/ 4<<;/ fk17,=

4, wkh �up sd|v 4�?EZ|c K� dw hdfk wlph |c

5, edqnuxswf| lv ghfoduhg zkhq wkh �up lv pdujlqdoo| lqvroyhqw/
l1h1 wkh �uvw wlph wkdw Z| 	 Kc

6, wkh edqn oltxlgdwhv wkh �up dqg rewdlqv wkh ydoxh ri wkh qrq0
prqh| dvvhwv g�

5Wkh qhjdwlyh urrw lv htxdo wr �5 @ 4
5
�
t
+4
5
,5 . 5u

�

5 > zlwk m C�

5

C�

mA 3 dqg m C�

5

Cu

m? 3 1
6Li oltxlgdwlqj wkh �up lv frvwo|/ glvlqyhvwphqw zloo rqo| eh ghod|hg= vhh h1j1 PfGrqdog0

Vlhjho+4<;8,1
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Xqghu VGF/ rxu gh�qlwlrq ri looltxlglw| fruuhvsrqgv wr Ohodqg*v gh�qlwlrq
ri edqnuxswf| dv �wkh lqdelolw| ri wkh �up wr udlvh vx!flhqw htxlw| fdslwdo
wr phhw lwv fxuuhqw ghew reoljdwlrq� +4<<7/ s14547,1 Dw A wkh �up fdqqrw
phhw lwv fxuuhqw reoljdwlrq zlwk wkh edqn/ dqg fdqqrw udlvh htxlw| fdslwdo
lq irufh ri wkh duelwudjh frqvlghudwlrqv pdgh deryh1 Dw wkdw srlqw wkhuh lv
qr gl�huhqfh iru wkh �up ehwzhhq ehlqj oltxlgdwhg e| wkh edqn ru e| wkh
vkduhkroghuv1

515 Glvfxvvlrq

Zh kdyh vkrzq wkdw �up ydoxh ghshqgv rq frqglwlrqv ri oltxlglw| vxsso|
wkurxjkrxw wkh �up*v olih1 Rxu frqwhqwlrq lv wkdw wkh wzr srodu fdvhv ri
lq�qlwh ru }hur oltxlglw| vxsso| qhhg eh vxssohphqwhg zlwk dqdo|vlv ri wkh
�qrupdo� fdvh ri frvwo| oltxlglw| vxsso|1 Ydulrxv uhdvrqv fdq eh sxw iruzdug1
Iluvw/ lq uhdolw| oltxlgdwlrq ru edqnuxswf| dw wkh �uvw looltxlglw| hyhqw lv d uduh
hslvrgh> �upv zlwk oltxlglw| sureohpv duh riwhq uh�qdqfhg e| lqfxpehqw ru
h{whuqdo lqyhvwruv/ dqg lw lv wkhuhiruh ri lqwhuhvw xqghuvwdqglqj wkh hfrqrplf
udwlrqdoh ehklqg uh�qdqflqj djuhhphqwv dqg wkhlu frvwv1 Rqh uhdvrq pd| eh
wkdw oltxlglw| sureohpv duh riwhq shufhlyhg dv wkh frqvhtxhqfh ri whpsrudu|
xqiruwxqdwh hyhqwv> rxu prgho doorzv iru d srvlwlyh suredelolw| wkdw wkh sur�w
fdq uhwxuq deryh wkh qr0duelwudjh glylghqg +frxsrq,/ dqg khqfh lw pd| eh
sur�wdeoh iru wkh �up wr uhfhlyh d oltxlglw| lqmhfwlrq lqvwhdg ri ehlqj vkxw
grzq1 Vhfrqg/ ljqrulqj wkh oltxlglw| vxsso| sureohp lv sduwlfxoduo| vhulrxv lq
wkh fdvh ri uhodwlrqvklsv zlwk edqnv dv h{sodlqhg lq vhfwlrq 41 Wkh oltxlglw|
vhuylfh lv lqghhg d glvwlqfwlyh ihdwxuh ri edqn lqwhuphgldwlrq/ edqnv fdq eh
ylhzhg dv vshfldol}hg lqvwlwxwlrqv lq oltxlglw| vxsso|/ dqg lq sudfwlfh wkh|
vhogrp gulyh wkhlu eruurzhuv wr edqnuxswf| rq wkh �uvw sd|phqw ghidxow1
Wklv lv riwhq suhvhqwhg dv dq h{sodqdwlrq ri wkh frpsdudwlyh dgydqwdjh ri wkh
edqn lq lwv delolw| wr judqw oltxlglw| zkhq wkh vwrfn pdunhw �vkruw0whuplvp�
grhv qrw +Nh|qhv/ 4<69/ fk145> Pd|hu/ 4<;;> Krvkl/ 4<;<,1

Wkh exon ri wkh prghuq wkhru| ri edqn0�up uhodwlrqvklsv lv frqfhuqhg
zlwk wkh edqn dv �ruglqdu|� ohqghu/ dqg urrwv wkh udwlrqdoh ri edqn ohqg0
lqj/ dqg ri wkh frpsdudwlyh dgydqwdjh ri edqn uhodwlrqvklsv yv1 pdunhw
uhodwlrqvklsv/ lq wkh h!flhqw vroxwlrq ri eruurzhu0ohqghu djhqf| sureohpv
xqghu frvwo| ru dv|pphwulf lqirupdwlrq1 Wklv dssurdfk whqgv wr ryhuorrn
wkh edqn*v uroh dv oltxlglw| surylghu �rq fdoo�1 Dv zh kdyh vhhq deryh/ wkh
prvw w|slfdo surgxfw dqg wrro lq wklv dssurdfk/ wkh VGF dv dq rswlpdo vr0
oxwlrq wr wkh eruurzhu0ohqghu djhqf| sureohp/ lq idfw lpsolhv wkdw wkh edqn
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pdnhv qr gl�huhqfh zkdwvrhyhu zlwk dq| rwkhu pdunhw lqyhvwru dv idu dv wkh
oltxlglw|0vxsso| sureohp lv frqfhuqhg1 Dv d pdwwhu ri idfw/ lw lv qrz fxvwrp0
du| wr dgguhvv wklv sureohp iroorzlqj wkh vhplqdo frqwulexwlrq e| Gldprqg
dqg G|eylj +4<;6,/ zklfk lv krzhyhu d prgho ri ghsrvlwru0edqn uhodwlrq0
vkls/ zkhuh wkh edqn dsshduv dv d sdvvlyh ghsrvlw lqvwlwxwlrq dv oltxlglw| lv
vlpso| ghsrvlwruv* rzq prqh| wkdw wkh| pd| zlvk wr zlwkgudz xqghu xqh{0
shfwhg sd|phqw qhhgv1 Khuh zh zlvk wr orrn dw wkh sureohp iurp wkh rwkhu
vlgh ri wkh eruurzhu0edqn uhodwlrqvkls/ zkhuh wkh edqn lv dq dfwlyh ohqg0
lqj lqvwlwxwlrq dqg oltxlglw| pd| ru pd| qrw eh fuhdwhg lq wkh hyhqw ri wkh
eruurzhu*v xqh{shfwhg sd|phqw qhhgv17 Wklv lv pdwwhu ri wkh qh{w vhfwlrq
zkhuh zh vkdoo lqwurgxfh d surwrw|slfdo �edqn uh�qdqflqj frqwudfw� +EUF,
dv d phdqv zkhuhe| d edqn fdq lqmhfw oltxlglw| lqwr dq looltxlg �up1 Dv zh
vkdoo vhh/ wklv nlqg ri frqwudfw lv +ru kdv wr eh, lqwulqvlfdoo| d orqj0whup frq0
wudfw/ dqg dv vxfk lw udlvhv d qxpehu ri wkruq| sureohpv ri zklfk zh vkdoo
h{dplqh wkuhh lpslqjlqj xsrq wkh frqwudfw h!flhqf|= frvw/ hqirufhdelolw|
dqg �uhqhjrwldwlrq surri0qhvv� +vhh h1j1 Vdodqlë/ 4<<:,1

6 Ilup ydoxh/ frvwo| oltxlglw| vxsso| dqg wkh
sureohp ri h!flhqw edqn uh�qdqflqj frq0
wudfwv

Jlyhq wkh prgho gh�qhg lq vhfwlrq 514/ zh zlvk wr h{dplqh wkh jhqhudo fdvh lq
zklfk oltxlglw| �rq fdoo� fdq eh rewdlqhg dw d frvw1 Iru uhdvrqv wkdw zh gr qrw
irupdol}h khuh/ exw wkdw fdq eh uhodwhg wr vwdqgdug dujxphqwv ri frpsdudwlyh
h!flhqf| lq oltxlglw| pdqdjhphqw/ zh dvvxph wkdw qr sulydwh lqyhvwru fdq
vxsso| oltxlglw| �rq fdoo� h{fhsw edqnv +vhh vhfwlrq 4,1 Iru frqfuhwhqhvv/ lw lv
frqyhqlhqw wr frqvlghu d vlwxdwlrq zkhuh wkh lqlwldo lqyhvwphqw U zdv ixqghg
zlwk edqn ghew +h1j1 d VGF, jhqhudwlqj wkh �{hg frxsrq K +vhh vhfwlrq 514,1

Lq wkh �uvw sdofh/ zh lqwurgxfh d EUF gh�qhg dv iroorzv=

7Lq sudfwlfh/ d edqn*v eruurzhuv duh jhqhudoo| ghsrvlwruv wrr/ dqg khqfh wkh Gldprqg0
G|eylj dssurdfk pd| eh h{whqghg wr wkh eruurzhu0edqn uhodwlrqvkls dv idu dv wkh eruurz0
hu*v rzq ghsrvlwv duh frqfhuqhg1 Zh kdyh h{foxghg wklv e| dvvxplqj wkdw wkh �upv krogv
qr prqhwdu| dvvhwv1 Zh wklqn wkdw wkh prvw lqwhuhvwlqj dvshfw ri wkh sureohp frqfhuqv
wkh idfw wkdw edqn fdq vxsso| oltxlglw| �rq fdoo� eh|rqg wkh eruurzhu*v ghsrvlwv/ ri zklfk
ryhugudiw idflolwlhv duh wkh vlpsohvw lqvwdqfh1
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Dvvxpswlrq 61 Lq dq| looltxlglw| vwdwh ri wkh �up/ Z| 	 K/ wkh edqn lv
frpplwwhg wr vxsso| d frpshqvdwlyh oltxlglw| lqmhfwlrq zlwk dq dggl0
wlrqdo frxsrq sd|phqw1 Wkh �up lv frpplwwhg wr sd| wkh dgglwlrqdo
frxsrq1

Lq sudfwlfh/ li wkh EUF lv vljqhg/ zkhq Z| 	 Kc wkh edqn grhv qrw h{huw
edqnuxswf| dqg dggv wkh ryhugxh dprxqw wr wkh ryhudoo ghew fkdujlqj dq
dssursuldwh ihh1 Qrwh wkdw wkh srvw0EUF �up*v frpplwphqw fdq eh wkrxjkw
ri dv frpsrvhg ri wzr sduwv/ wkh ruglqdu| ghew frqwudfw sduw sd|lqj wkh
�{hg frxsrq K/ dqg wkh uh�qdqflqj idflolw| sd|lqj wkh dgglwlrqdo frxsrq wr
eh ghwhuplqhg ehorz1

Zh qrz qhhg prgho wkh frvw ri oltxlglw| vxsso|1 Khuh/ zh wuhdw oltxlglw|
vxsso| dv d uhjxodwlrq phfkdqlvp/ lq wkh vhqvh ri Kduulvrq +4<;8,/ ri wkh
�up*v sur�wv1 Wkh edqn uhjxodwhv wkh surfhvv Z| e| phdqv ri lqvwdqwdqhrxv/
lq�qlwhvlpdo �oltxlglw| lqmhfwlrqv� L| qhyhu doorzlqj Z| wr jr ehorz K� Pruh
irupdoo|/ wkh surfhvv Z| 5 dfc4� lv iuhh wr pryh dv glfwdwhg e| +4, dv orqj
dv Z| : Kc exw wkh lqvwdqw Z| furvvhv K iurp deryh/ lw lv uh hfwhg dw wkh orzhu
eduulhu K1 Ixuwhupruh/ dv wr wkh frvw ri oltxlglw|/ iru wkh vdnh ri vlpsolflw|/
zh dvvxph wkh| duh olqhduo| lqfuhdvlqj zlwk wkh oltxlglw| lqmhfwlrqv e| wkh
dprxqw +vhh Dsshqgl{,=

_�| ' S� L|

Rzlqj wr wkh lqwurgxfwlrq ri d frvw iru oltxlglw|/ wkh edqn dqg wkh �up
kdyh qrz gl�huhqw srvvleoh rswlrqv gxulqj wkh surmhfw*v olih/ zklfk duh uhs0
uhvhqwhg lq �jxuh 41

^Iljxuh 4 derxw khuh`

Zh vwduw zlwk d yhuedo ghvfulswlrq ri wkh fkrlfhv wuhh dv dq lqwurgxfwlrq
wr wkh pruh irupdo wuhdwphqw zh vkdoo jlyh ehorz1 Qrgh � fruuhvsrqgv wr
wkh �uvw lqvroyhqf| vwdwh ri wkh �up +wlph A dv gh�qhg lq vhfwlrq 514,1 Wkhuh
duh wzr rswlrqv=

� ��= qr oltxlglw| lqmhfwlrq dqg �up*v edqnuxswf|

� ��= oltxlglw| lqmhfwlrq

46



�� lv wkh xvxdo qr0oltxlglw| fdvh1 Li �� lv fkrvhq wkh EUF lv shuiruphg=
wkh edqn uh�qdqfhv wkh �up dqg fkdujhv dq dssursuldwh ihh/ wkh �up vwd|v
lq exvlqhvv dqg lv h{shfwhg wr sd| wkh ruljlqdo frxsrq K dqg wkh dgglwlrqdo
ihh iurp wkdw srlqw rqzdugv1 Krzhyhu wklv lv qrw hqg ri wkh sureohp1 Diwhu
uh�qdqflqj/ vd| dw wlph A � : A dqg qrgh �/ wkh �up pd| �qg lwvhoi lq vxfk
frqglwlrqv wkdw d qhz dowhuqdwlyh rshqv xs=

� �(= jr rq frpso|lqj zlwk wkh EUF

� �.= euhdfk wkh EUF

Li wkh �up fkrrvhv �./ wkh edqn vkrxog �qg rxw wkh prvw dssursuldwh
uhdfwlrq> wklv fdq eh rqh ri wkh wzr iroorzlqj=

� .C= h{huw wkh edqnuxswf| surfhgxuh

� .8 = gr qrw forvh wkh �up

Zh zlvk wr vwuhvv wkdw/ frqwudu| wr wkh dvvxpswlrqv xqghuo|lqj wkh prghov
dqg wkhrulhv glvfxvvhg lq suhylrxv vhfwlrqv/ qhlwkhu oltxlglw| lqmhfwlrqv qru
edqnuxwsf| fdq eh wdnhq dv xqfrqglwlrqdo suh0ghwhuplqhg hyhqwv1 Erwk pd|
ru pd| qrw eh fkrvhq xqghu jlyhq flufxpvwdqfhv1 Zklfk dowhuqdwlyh lv fkrvhq
dw hdfk qrgh/ dqg khqfh wkh surshuwlhv ri wkh EUF/ hvvhqwldoo| ghshqg rq
wzr idfwruv= 4, wkh frvw ri oltxlglw| vxsso|> 5, wkh frpplwphqw whfkqrorj|
ehklqg wkh EUF1

614 Ixoo frpplwphqw1

Lq wkh �uvw sodfh/ zh vwxg| d uhihuhqfh fdvh zkhuh wkh edqn0�up uhodwlrqvkls
lv vxssruwhg e| ixoo frpplwphqw e| erwk vlghv1

Dvvxpswlrq 71 E| ixoo frpplwphqw zh phdq wkdw frqwudfw frqglwlrqv duh
shuihfwo| yhul�deoh dw }hur frvw/ l1h1 d, hdfk uhdol}dwlrq Z| lv revhuydeoh/
e, wkh edqn rewdlqv wkh gxh dprxqw zlwk fhuwdlqw|1

Lq rwkhu zrugv/ li �� lv fkrvhq/ dovr �( lv dozd| fkrvhq1 Frplqj wr wkh
fkrlfhv dw qrgh �/ vlqfh �� lv wkh }hur oltxlglw|0vxsso| fdvh lq vhfwlrq 5/ zh
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douhdg| nqrz wkdw wkh QSY ri wkh surmhfw lv T �EZ( K� iru wkh �up1 Dv wr wkh
edqn/ wkh surmhfw*v QSY dprxqwv wr

` �EZ( K� ' .f

+]
A

f
e3o|K_| n e3oAg m Zf ' Z

,
� U +44,

Dv A lv wkh udqgrp �uvw wlph wkh surfhvv Z| uhdfkhv wkh erxqg K vwduwlqj
iurp wkh jhqhudo lqlwldo srvlwlrq Z : Kc +44, uhgxfhv wr=8

` �EZ( K� '
K

o

%
��

�
Z

K

�
q
2

&
ng

�
Z

K

�
q
2 � U +45,

'
K

o
E& � ��

�
Z

K

�
q
2

Lw lv wr eh qrwhg wkdw lw pxvw eh ` �EZ( K� � fc iru rwkhuzlvh lw zrxog eh
pruh ydoxhdeoh iru wkh edqn wr gulyh wkh �up wr edqnuxswf| ehiruh wkh �up
lv xqdeoh wr phhw lwv ghew reoljdwlrq/ zklfk lv lqfrqvlvwhqw zlwk pxwxdo ixoo
frpplwphqw1 Vlqfh & 5 Efc �o / wkh deryh frqglwlrq lv dozd|v vdwlv�hg iru dq|
&1 Lq sduwlfxodu/ wkh iroorzlqj sursrvlwlrq krogv=

Sursrvlwlrq 4 Zlwk ixoo froodwhudo/ & ' �/ ` �EZ( K� ' f/ wkh edqn lv lq0
gl�huhqw wrzdugv edqnuxswf| wkurxjkrxw wkh surmhfw*v olih1 Iru dq| & 	 �/
edqnuxswf| hqwdlov d orvv iru wkh edqn wrr/ gxh wr wkh wuxqfdwlrq ri �upv*
sd|phqwv1

Wklv lv dq lpsruwdqw uhvxow zklfk zh vkdoo xvh odwhu1
Ohw xv qrz frqvlghu wkh dowhuqdwlyh fkrlfh ��1 Li lw lv wdnhq/ e| dvvxps0

wlrq 7 erwk wkh edqn dqg wkh �up zloo dozd|v ixo�oo wkh EUF surylvlrqv vr
wkdw wkh surmhfw zloo odvw wkurxjkrxw lwv olih> khqfh vwxg|lqj wkh fkrlfhv dw
qrgh � xqghu ixoo frpplwphqw lv htxlydohqw wr vwxg|lqj wkh frqglwlrqv ri
h{lvwhqfh ri wkh EUF1

Wkh surmhfw*v QSY iru wkh �up xqghu wkh EUF/ diwhu dffrxqw lv wdnhq ri
wkh frvw ri oltxlglw|/ ehfrphv=

T SEZ( K� ' .f

�]
"

f
e3o|dEZ| � Kn L|�_|� _�|o m Zf ' Z

�
+46,

'
Z � K

o
n .f

�]
"

f

e3o|EL|_|� _�|� m Zf ' Z
�

8Vroxwlrq ri +44, fdq eh rewdlqhg wkurxjk wkh xvxdo g|qdplf surjudpplqj ghfrpsr0
vlwlrq1 Krzhyhu/ iru d pruh jhqhudo dssurdfk wr fdofxodwh wklv h{suhvvlrq vhh Kduulvrq
+4<;8/ s175,1

48



Wr frpsxwh wkh glvfrxqwhg h{shfwdwlrq lq +46, zh uhshdw wkh duelwudjh
fdofxodwlrq/ exw qrz zlwk d gl�huhqw frqglwlrq dw wkh +uh hfwlqj, eduulhu K1
Wkdw lv/ T SEZ( K� lv rewdlqhg e| vroylqj wkh iroorzlqj Ehoopdq htxdwlrq +vhh
Dsshqgl{,=

�

2
j2Z2T S�� � oT S ' �EZ � K� iru Z 5 dKc4�c +47,

zlwk erxqgdu| frqglwlrqv=

*�4
Z<"

dT SEZ( K�� Z � K

o
o ' f +48,

T S�EK( K� ' S +49,

Zkloh +48, lv htxdo wr +:, lq wkh suhylrxv fdvh/ dqg kdv wkh vdph phdq0
lqj/ frqglwlrq +49, uhsodfhv wkh pdwfklqj ydoxh frqglwlrq +;,1 Lq idfw/ vlqfh
oltxlglw| lv qrz frvwo|/ lw lv qhfhvvdu| wkdw dw hdfk oltxlglw| lqmhfwlrq wkh
pdujlqdo ydoxh ri frqwlqxlqj wkh surmhfw*v olih grhv qrw idoo ehorz wkh pdu0
jlqdo frvw ri oltxlglw| +vprrwk sdvwlqj frqglwlrq,19 Djdlq/ e| wkh olqhdulw| ri
wkh gl�huhqwldo htxdwlrq +47, dqg pdnlqj xvh ri +48, dqg +49,/ wkh jhqhudo
vroxwlrq ri +46, wdnhv wkh irup=

T SEZ( K� '
Z � K

o
n�Zq

2 +4:,

zlwk=

� '
ES� �*o�K�3q2

q2

Wkh vhfrqg whup rq wkh u1k1v1 ri +4:, phdvxuhv wkh QSY ri wrwdo oltxlglw|
vxsso| iru wkh �up/ l1h1 wkh gl�huhqfh ehwzhhq wkh QSY ri wkh oltxlglw|
lqmhfwlrqv L|_| dqg wkdw ri wkh dgglwlrqdo ihhv _�|=

�Zq
2 ' .f

�]
"

f

e3o|EL|_|� _�|� m Zf ' Z
�

+4;,

Wdnlqj lqwr dffrxqw wkh lqlwldo ordq U dqg wkh oltxlglw| lqmhfwlrqv L|c wkh
h{shfwhg glvfrxqwhg frvw ri oltxlglw| lqmhfwlrqv pdwfkhv wkh wrwdo ydoxh ri
lqmhfwlrqv +vhh Dsshqgl{,=

9Wkh vprrwk sdvwlqj frqglwlrq +49, lv wkh �uvw rughu ghulydwlyh ri wkh h{shfwhg suhvhqw
ydoxh ri d ixqfwlrq ri d Eurzqldq prwlrq1 Lw grhv qrw lqyroyh dq| rswlpl}lqj uroh ri wkh
eduulhu dqg uhtxluhv rqo| wkh frqwlqxlw| ri wkh �uvw ghulydwlyh ri Y f lq e +Gl{lw/ 4<<6/ s1
5:,1
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�

o
.f

�]
"

f
e3o|_�| m Zf ' Z

�
' S.f

�]
"

f
e3o|L|_| m Zf ' Z

�
+4<,

Zh duh qrz lq d srvlwlrq wr fkhfn zkhwkhu wkh EUF lv ihdvleoh iru wkh
�up/ +l1h1 zklfk ri wkh wzr fkrlfhv ��/ ��( lv pruh ydoxdeoh wr lw,1 Iru
wkh EUF wr eh ihdvleoh iru wkh �up/ lw lv vlpso| qhfhvvdu| dqg vx!flhqw wkdw
wkh surmhfw*v QSY xqghu wkh EUF lv qrw ohvv wkdq xqghu wkh }hur oltxlglw|
fdvh/ zklfk lpsolhv wkh iroorzlqj ryhudoo sduwlflsdwlrq frqvwudlq=

T SEZ( K�� T �EZ( K� ' �Zq
2 � �Zq

2 � f� +53,

Nqrzlqj wkh frqvwdqwv � h �/ wkh �up*v sduwlflsdwlrq frqglwlrq ehfrphv=

ES� �*o�K�3q2

q
2

ngK3q2 � f�

Qrwh wkdw vxfk d frqglwlrq lpsolhv d frqvwudlqw xsrq wkh ghwhuplqdwlrq
ri wkh pdujlqdo oltxlglw| frvw S e| wkh edqn=

S � �

o
� gq2

K
�

Vlqfh q2 	 fc S : �*o lv d ihdvleoh ydoxh/ khqfh S fdq h{fhhg wkh shushwxdo
glvfrxqw udwh �*o e| dq dprxqw sursruwlrqdo wr wkh frvwg dqg wkh sdudphwhu
q2� Wr judvs wkh phdqlqj ri wklv uhvxow/ uhfdoo wkdw g uhsuhvhqwv dq h{lw
frvw wr wkh �up zklfk pd| lqgxfh lw wr vwd| lq exvlqhvv lqvwhdg ri txlwwlqj
lpphgldwho|1 Jlyhq rxu dvvxpswlrq derxw wkh froodwhudol}dwlrq ghjuhh &c l1h1
g ' &U/ dqg jlyhq wkdw K ' Uo/ zh rewdlq wkh ihdvleoh lqwhuydo iru S=

S � E�� &q2�

o
+54,

Lq zrugv/ S fdq h{fhhg �*o xs wr wkh idfwru �&q2*o : f/ zklfk zh pd|
fdoo wkh �oltxlglw| suhplxp�1 Zh qrz wxuq wr wkh edqn1 Wkh surmhfw*v QSY
iru wkh edqn xqghu wkh EUF lv=

` SEZ( K� ' .f

�]
"

f
e3o|dEK� L|�_|n _�|o m Zf ' Z

�
� U +55,

'
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o
� U ��Zq

2
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2
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Wklv lv dq reylrxv uhvxow vlqfh/ dv zh nqrz/ �Zq
2 lv wkh QSY ri wrwdo

oltxlglw| vxsso| iru wkh �up/ vr wkdw ��Zq
2 lv wkh vdph yduldeoh ydoxhg

e| wkh edqn1 Qrwh wkdw wkhuhiruh li wkh EUF lv lpsohphqwhg/ lw lpsolhv d
}hur0vxp uhglvwulexwlrq ri ydoxh ehwzhhq edqn dqg �up1

Wr hvwdeolvk zkhwkhu wkh EUF lv ydoxdeoh wr wkh edqn zh vkrxog frpsduh
lwv QSY zlwk wkh QSY ri wkh dowhuqdwlyh fkrlfh ri h{huwlqj wkh edqnuxswf|
surfhgxuh dw qrgh �1 Dv zh kdyh vkrzq suhylrxvo|/ edqnuxswf| pd| hqwdlo
d orvv iru wkh edqn phdvxuhg e| ` �EZ( K� � f/ khqfh wkh EUF lv ydoxdeoh wr
wkh edqn surylghg wkdw=

` SEZ( K��` �EZ( K� ' ��Zq
2 n

K

o
E& � ��

�
Z

K

�
q
2 � f

Diwhu vxevwlwxwlqj wkh ydoxh ri �/ olnh lq wkh fdvh ri wkh �up/ zh re0
wdlq d sduwlflsdwlrq frqglwlrq ri wkh edqn zklfk lpsolhv d uhvwulfwlrq rq wkh
pdujlqdo uh�qdqflqj frvw S=

S � d� n E�� &�q2o

o
� E�� &q2�

o
n

q2

o
+56,

Wkhuhiruh/ S fdq eh vhw ehorz �*o xs wr wkh idfwru E� � &�q2*o 	 f wkdw
zh pd| fdoo wkh �oltxlglw| glvfrxqw�1 Qrwh wkdw li S � �*o/ � � f/ l1h1 wkh
QSY ri wrwdo oltxlglw| vxsso| lv qhjdwlyh iru wkh edqn1 Qrqhwkhohvv/ dv d
qrwhzruwk| frqvhtxhqfh ri wkh idfw wkdw wkh dowhuqdwlyh wr lpsohphqwlqj wkh
EUF lv wkh �up*v edqnuxswf|/ dqg wklv pd| eh d orvv iru wkh edqn ghshqglqj
rq & 	 �/ wkh EUF uhpdlqv ydoxdeoh wr wkh edqn hyhq iru ydoxhv S 	 �*o
xs wr wkh srlqw zkhuh wkh orvv lq wkh QSY ri wrwdo oltxlglw| vxsso| grhv
qrw h{fhhg wkh QSY ri wkh edqnuxswf| orvv1 Lq rwkhu zrugv/ li rzlqj wr
lqfrpsohwh froodwhudol}dwlrq wkh �up*v edqnuxswf| lv frvwo| wr wkh edqn/ wkh
odwwhu lv uhdg| wr sd| d oltxlglw| glvfrxqw wkdw wkh �up pd| lq wxuq h{sorlw
e| fodlplqj iru d orzhu S1

Dv d uhvxow ri rxu lqvshfwlrq ri wkh EUF sduwlflsdwlrq frqglwlrqv ri wkh
�up dqg wkh edqn dw qrgh � lq Iljxuh 4 +l1h1 iurp +54, dqg +56,,/ zh kdyh
rewdlqhg=

Ohppd 4 Wkh ihdvleoh vhw ri ydoxhv ri wkh pdujlqdo uh�qdqflqj frvw S lv =

� n E�� &�q2

o
	 S � �� &q2

o
+57,
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Dw wkh xsshu erxqg ri wkh vhw/ S ' E�3&q
2
�

o
/ wkh edqn h{sorlwv wkh �up*v

zloolqjqhvv wr sd| iru oltxlglw| dqg fkdujhv wkh oltxlglw| suhplxp �&q2*o>
dw wkh orzhu erxqg ri wkh vhw/ S ' �nE�3&�q

2

o
/ wkh �up h{sorlwv wkh edqn*v xq0

zloolqjqhvv wr h{huw edqnuxswf| dqg fodlpv iru wkh oltxlglw| glvfrxqw E�3&�q
2

o
1

Wkh zlgwk ri wkh vhw ri ydoxhv ri S ghshqgv rq wkh froodwhudol}dwlrq ghjuhh &
dqg rq wkh devroxwh ydoxh ri q2c zklfk lv lq wxuq lqfuhdvlqj lq wkh yduldqfh
ri wkh Z| surfhvv +l1h1 mYq2

Yj
m : f�1 l1h1

� D odujh yduldqfh surfhvv lqgxfhv wkh edqn wr fkdujh d kljk oltxlglw|
suhplxp dqg wkh �up wr fodlp iru d kljk oltxlglw| glvfrxqw>

� D kljk froodwhudo lqfuhdvhv wkh �up*v zloolqjqhvv wr sd| lq rughu wr
vwd| lq exvlqhvv/ dqg khqfh lw mhrsdugl}hv wkh �up*v delolw| wr h{wudfw
d oltxlglw| glvfrxqw/ zkloh lw vwuhqjkwhqv wkh edqn*v delolw| wr fkdujh d
oltxlglw| suhplxp1

� Iru & ' �/ wkhuh zloo eh qr zd| iru wkh �up wr lqgxfh wkh edqn wr
dffhsw d oltxlglw| glvfrxqw dqg S zloo qhfhvvdulo| eh vhw deryh �*o1

E| Ohppd 4/ iru dq| S lq wkh ihdvleoh vhw/ wkh pryh ��( grplqdwhv wkh
pryh �� iru erwk wkh �up dqg wkh edqn/ khqfh wkhuh pd| eh edujdlqlqj
ryhu S1 Zh gr qrw irupdol}h wklv sureohp ehfdxvh zh lqvwhdg zlvk wr vwuhvv
wkh fuxfldo uroh ri wkh ixoo frpplwphqw dvvxpswlrq1 Vxssrvh iru wkh wlph
ehlqj wkdw wkh edqn kdv doo wkh edujdlqlqj srzhu ehfdxvh lw lv rq wkh orqj
vlgh ri pdunhw +wkh edqn fdq uhixvh wkh zkroh EUF wr wkh �up zkhuhdv wkh
�up fdqqrw,1 Wkhuhiruh=

Sursrvlwlrq 5 Xqghu ixoo frpplwphqw/ wkh edqn fdq pd{lpl}h lwv QSY e|
vhwwlqj SW ' E�3&q

2
�

o
/ dqg fdq h{wudfw d uhqw iurp wkh �up*v ydoxh e| wkh

dprxqw ��ESW� : f1

Zh vkdoo vhh lq wkh qh{w vhfwlrq wkdw lw lv vx!flhqw wr uhpryh wkh ixoo
frpplwphqw dvvxpswlrq wr rewdlq d gl�huhqw/ h!flhqw/ hqgrjhqrxv vroxwlrq1

615 Revhuydeoh sur�wv exw qrq hqirufhdeoh sd|phqwv1

Vr idu zh kdyh h{dplqhg vlwxdwlrqv lq zklfk rqfh wkh sduwlhv kdyh vljqhg wkh
EUF/ erwk frpso| zlwk wkh frqwudfw whupv iruhyhu1 \hw dq| eruurzhu0ohqghu
uhodwlrqvkls udlvhv wkh ixqgdphqwdo txhvwlrq= zk| vkrxog wkh eruurzhu sd|
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klv2khu ghew wr wkh ohqghuB Wkh srsxodu dqvzhu lv wkdw wkh eruurzhu zloo
sd| wkh ohqghu dv orqj dv wkh odwwhu fdq prqlwru dqg dxglw wkh iruphu/ ru
wr wkh h{whqw wkdw lqvroyhqf|/ ohdglqj wr edqnuxswf|/ lv pruh frvwo| wkdq
wkh ghew sd|phqw1 Iru lqvwdqfh/ wkh edvlf prgho ri VGF dulvhv rxw ri wkh
suhplvh wkdw wkh ghew sd|phqw sureohp h{lvwv rzlqj wr dv|pphwulf lqiru0
pdwlrq dqg frvwo| vwdwh yhul�fdwlrq +Wrzqvhqg/ 4<:<> Gldprqg/ 4<;7> Jdoh0
Khoozlj/ 4<;8,1 Wkhq lw lv vkrzq wkdw wkh rswlpdo ghew frqwudfw lv suhflvho|
wdloruhg wr vroyh wkh sureohp e| plqlpl}lqj wkh ohqghu*v frvwv ri dxglwlqj wkh
eruurzhu*v wuxh vwdwh/ dqg gulylqj wkh eruurzhu lqwr edqnuxswf| zkhq kh2vkh
lv wuxo| lqvroyhqw1

Lpsolflw lq wklv uhvxow duh wzr dvvxpswlrqv= d, dxglwlqj/ doehlw frvwo|/ lv
dozd|v h�hfwlyh +l1h1 dxglwlqj lv dozd|v vx!flhqw iru wkh ohqghu wr rewdlq
wkh dprxqw gxh,> e, edqnuxswf| ylv0ã0ylv lqvroyhqf| lv dozd|v yldeoh wr wkh
ohqghu1 Pruh uhfhqw vwxglhv kdyh uh0h{dplqhg wkh lvvxh diwhu uhod{lqj dv0
vxpswlrq d,1 Wkh pruh jhqhudo vhwxs lv rqh ri �qrq0hqirufhdeoh frqwudfwv�1
Wkh lghd lv wkdw/ zkdwhyhu wkh eruurzhu*v wuxh vwdwh/ dqg hyhq zkhq kh2vkh lv
whfkqlfdoo| vroyhqw/ wkh ohqghu*v delolw| wr ehdu dxglwlqj frvwv/ ru hyhq klv2khu
iuhh dffhvv wr lqirupdwlrq/ pd| eh ri olwwoh khos lq wkh devhqfh ri wkh eru0
urzhu*v zloolqjqhvv wr sd|1 Wkh prvw w|slfdo fdvh lv zkhq wkh eruurzhu lv d
vryhuhljq Vwdwh +Hdwrq0Jhuvrzlw}/ 4<;4> Hdwrq hw do1/ 4<;9,1 Krzhyhu/ hyhq
lq wkh fdvh ri sulydwh uhodwlrqvklsv/ wkhuh pd| eh vhyhudo uhdvrqv rwkhu wkdq
dv|pphwulf lqirupdwlrq wkdw pd| suhyhqw ghew frqwudfw surylvlrqv frqwlq0
jhqw rq wkh eruurzhu*v vwdwh iurp ehlqj hqirufhg +Erowrq0Vfkduivwhlq/ 4<<3>
Kduw0Prruh/ 4<<9/ vhf17,1 Rqh edvlf uhdvrq lv wkdw d ohqghu +lq flylol}hg frxq0
wulhv, kdv qr sulydwh phdqv wr irufh wkh eruurzhu wr sd| wkh dprxqw gxh1
Dqrwkhu frpsohphqwdu| uhdvrq pd| eh �qrq0yhul�delolw|� +zklfk lv lqghhg
wdqwdprxqw wr lq�qlwh vwdwh yhul�fdwlrq frvwv,/ wkdw lv wr vd| wkh eruurzhu*v
vwdwh fdq eh �whfkqlfdoo|� nqrzq wr wkh wzr sduwlhv/ exw lw lv qrw srvvleoh
wr kdyh lw yhul�hg e| dq lqghshqghqw ohjdo dxwkrulw| +h1j1 wkh frxuwv,1 Lq
wkhvh fdvhv/ xqohvv wkh eruurzhu*v zloolqjqhvv wr sd| lv dvvxphg d sulrul/ wkh
edqnuxswf| rswlrq djdlqvw d ghfodudwlrq ri lqvroyhqf| pxvw eh h�hfwlyh dw
dq| srlqw lq wlph1: Wklv udwlrqdoh ri yldeoh eruurzhu0ohqghu uhodwlrqvklsv lv
riwhq uhihuuhg wr dv �wkuhdw ri whuplqdwlrq�/ zklfk lv jhqhudoo| ylhzhg dv dq
h!flhqw lqfhqwlyh +ru ehwwhu glvlqfhqwlyh, ghylfh +Vwljolw}0Zhlvv/ 4<;6> Doohq/

:Edqnuxswf| lv jhqhudoo| d ohjdo surfhgxuh hqirufhg e| wkh frxuwv1 Wklv grhv qrw frq0
wudglfw wkh qrq yhul�delolw| dvvxpswlrq ehfdxvh wkh frxuwv duh qrw uhtxhvwhg wr dvfhuwdlq
wkh eruurzhu*v delolw| wr sd|/ exw wr dfw xsrq wkh eruurzhu*v xqzloolqjqhvv wr sd|1
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4<;6> Erowrq0Vfkduivwhlq/ 4<<3> Kdxeulfk/ 4<;<,1
Wklv ohdgv xv wr wkh vhfrqg dvvxpswlrq xqghuo|lqj VGFv 0wkdw edqn0

uxswf| ylv0ã0ylv lqvroyhqf| lv dozd|v yldeoh wr wkh ohqghu1 Lw lv zhoo0nqrzq wr
edqnhuv wkdw �d 4333 grooduv ghew lv d ghewru*v sureohp/ d 4/333/333 grooduv
ghew lv d fuhglwru*v sureohp�1 Lq hduo| VGF prghov/ edqnuxswf| lv lqghhg
d irufhg fkrlfh ehfdxvh wkh ghew frqwudfw kdv d �{hg ghdgolqh1 Krzhyhu/ lq
d eruurzhu0ohqghu orqj0uxq uhodwlrqvkls/ lw lv riwhq wkh fdvh wkdw edqnuxswf|
lv qrw wkh prvw sur�wdeoh +ohdvw frvwo|, ohqghu*v fkrlfh1 Dv vhhq deryh/ rxu
prgho ghprqvwudwhv wklv srlqw1 Wkhuhiruh/ lq doo fdvhv zkhuh whuplqdwlrq
hqwdlov d orvv iru wkh ohqghu/ wkh ohqghu*v �wkuhdw ri whuplqdwlrq� lv zhdnhqhg
zkloh wkh eruurzhu*v �wkuhdw ri lqvroyhqf|� lv vwuhqjwkhqhg1 Xqghu vxfk px0
wxdo wkuhdw vrph irup ri uhqhjrwldwlrq pd| eh pruh sur�wdeoh1 Wr sxw lw gli0
ihuhqwo|/ xqghu wkh frqglwlrqv xqghu glvfxvvlrq/ wkh frqwudfw pd| qr orqjhu
eh �uhqhjrwldwlrq0surri� +Vdodqlì/ 4<<:,/ zklfk phdqv wkdw xqghu vshfl�f
flufxpvwdqfhv wkh eruurzhu pd| eh deoh wr lqgxfh wkh ohqghu wr uhqhjrwldwh
ryhu wkh frqwudfw whupv lqvwhdg ri h{huwlqj edqnuxswf|1 Qrw e| fkdqfh/ lq
wkh �hog ri vryhuhljq Vwdwh ghew/ zkhuh wkhuh lv qr hqirufhdelolw| ri sd|phqwv
dqg wkh ohqghuv* whuplqdwlrq orvvhv duh kljk/ uhqhjrwldwlrq lv wkh suhydlolqj
vroxwlrq zkhq lqvroyhqf| lv ghfoduhg1 Wkxv/ dq lqwhuhvwlqj txhvwlrq dulvhv= li
zh uhpryh shuihfw frpplwphqw dqg vkliw wr d frqwh{w ri qrq hqirufhdelolw|/
fdq zh ghylvh h!flhqw +l1h1 plqlpxp frvw, dqg �uhqhjrwldwlrq0surri� EUFvB

Wr dgguhvv wklv sureohp zh gurs dvvxpswlrq 7 zklfk zh uhsodfh zlwk wkh
iroorzlqj=

Dvvxpswlrq 81 Wkh EUF lv qrq hqirufhdeoh sulydwho|1 Li dw dq| srlqw lq
wlph wkh �up uhixvhv wr sd| lwv reoljdwlrq e| ghfodulqj lqvroyhqf|/ wkh
edqn fdq h{huw wkh edqnuxswf| surfhgxuh djdlqvw wkh �up1

VWHS 4
Lq wkh �uvw sodfh zh vkrz wkdw/ dv dujxhg deryh/ zkhq wkh �up*v edqn0

uxswf| hqwdlov d orvv iru wkh edqn/ lwv �wkuhdw ri whuplqdwlrq� lv qrw fuhgleoh1
Pruh suhflvho|/ xsrq wkh �up*v ghfodudwlrq ri lqvroyhqf| dw dq| srlqw lq wlph/
wkuhuh h{lvwv d ��{hg� frxsrq 5 	 K vxfk wkdw wkh edqn lv dw ohdvw lqgl�huhqw
ehwzhhq uhqhjrwldwlqj wkh frqwudfw zlwk wkh qhz frxsrq 5 dqg h{huwlqj wkh
edqnuxswf| surfhgxuh1;

;} qrq qhfhvvdulo| kdv wr eh �{hg/ zh dvvxph lw frqvwdqw wr sdudooho zlwk e> vhh irrwqrwh
q1
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Dw dq| srlqw lq wlph wkh QSY ri whuplqdwlrq iru wkh edqn/ ` |EK�/ l1h1
wkh QSY ri h{huwlqj edqnuxswf| dw wkdw wlph/ lv vlpso|=

` |EK� ' g � U '
K

o
E& � �� +58,

Li zh gh�qh ` 5E5( K� wkh surmhfw*v QSY iru wkh edqn diwhu uhqhjrwldwlrq
ri wkh frxsrq 5/ wklv lv jlyhq e|=

` 5E5( K� ' .|

�]
"

|

e3oEr3|�5_r
�
� U +59,

'
5 � K

o

Wkhuhiruh/ wkh edqn zloo eh lqgl�huhqw ehwzhhq wkh wzr rswlrqv surylghg
wkdw=

` 5E5( K��` �EK� '
5 � &K

o
� f

ru/ vlpsoli|lqj zh jhw=

Ohppd 5 Wkh edqn*v uhqhjrwldwlrq vhw iru d �{hg frxsrq lv=

5K � &K +5:,

Wklv uhvxow vkrzv wkdw/ dv orqj dv & 	 �/ l1h1 ohvv wkdq ixoo froodwhudo/ dw
dq| srlqw lq wlph wkh edqn fdq eh lqgxfhg wr uhqhjrwldwh d qhz frxsrq 5 	 K/
ru/ lq rwkhu zrugv/ wkh qr0duelwudjh frxsrq K fdqqrw eh hqirufhg e| �wkuhdw
ri whuplqdwlrq� qru/ reylrxvo|/ fdq dq| dgglwlrqdo frxsrq1 Wkh uhdvrq/ dv
douhdg| vwuhvvhg/ lv wkdw & 	 �/ hqwdlov wkdw whuplqdwlrq lv frvwo| wr wkh edqn>
khqfh lw fdq �qg lw sur�wdeoh wr rewdlq dw ohdvw &K +iruhyhu, lqvwhdg ri ehdulqj
wkh whuplqdwlrq orvv1

VWHS 5
Lq wkh vhfrqg sodfh/ zh h{dplqh wkh �up*v zloolqjqhvv wr sd|1 Lw lv wulyldo

wkdw wkh �up kdv dozd|v dq lqfhqwlyh wr uhwdlq wkh edqn ordq dqg plqlpl}h
wkh ghew sd|phqw qr pdwwhu zkhwkhu sur�w lv kljk/ Z : K +vhh htxdwlrq +6,,
ru orz/ Z 	 K +vhh htxdwlrq +4:,,1 Krzhyhu/ lw lv zruwk jlylqj d irupdo surri1

Ohw xv vxssrvh wkdw dw d srlqw lq wlph | 	 A wkh �up kdv d sur�w Z| ' % :
K dqg fdq fkrrvh wr sd| wkh edqn d �{hg frxsrq 5 vxfk wkdw wkh frqvhtxhqw
surmhfw*v QSY lv=
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T 5E%( Kc 5� ' .|

�]
"

|

e3oEr3|�EZr � 5�_r m Z| ' % : K
�
c iru | 	 A+5;,

'
%� 5

o

Vlqfh dw wkh vdph srlqw lq wlph wkh surmhfw*v QSY lv T SE%( K� ' %3K

o
/ wkh

�up kdv dq lqfhqwlyh wr uhqhjrwldwh li=

T 5E%( Kc 5�� T SE%( K� '
K� 5

o
� f

ru=
5 	 K +5<,

Qrz ohw xv frqvlghu wkh vdph sureohp dw d srlqw lq wlph | : A zlwk
sur�w Z| ' % 	 K/ l1h1 diwhu wkh uh�qdqflqj sduw ri wkh edqn frqwudfw kdv
ehhq dfwlydwhg1 Vlqfh wkh edqn lv frpplwwhg wr lqmhfw oltxlglw| wr �oo dq|
jds %� K/ wkh �up zloo �qg lw sur�wdeoh wr uhqhjrwldwh li=

T 5E%( Kc 5�� T SEK( K� '
%� 5

o
��ES�Kq2 � f

ru=

%� 5 � KE
So � �

q2

� � f +63,

Wr rewdlq wkh vxp 5 wkdw wkh �up lv zloolqj wr sd|/ uhfdoo wkdw=

� �ES�Kq2 phdvxuhv wkh QSY ri wrwdo oltxlglw| vxsso| iru wkh �up/ zklfk
lv ghfuhdvlqj lq wkh pdujlqdo frvw ri oltxlglw| S>

� Iru dq| ydoxh ri S 	 �*o/ lw iroorzv wkdw �ES�Kq2 : f/ l1h1 uh�qdqflqj
uhglvwulexwhv ydoxh iurp wkh edqn wr wkh �up/ dqg iru dq| S � �*o/
�ES�Kq2 � f/ l1h1 uh�qdqflqj uhglvwulexwhv ydoxh iurp wkh �up wr wkh
edqn>

� Iru dq| ydoxh ri S zlwklq wkh ihdvleoh vhw +57,/ wkh �up suhihuv wr vwd|
lq exvlqhvv xqghu wkh EUF wkdq wr forvh1 D iruwlrul/ wkh �up suhihuv
wr sd| 5 	 K wkdq wr forvh>

� Rq wkh rwkhu kdqg/ wkh �up fdqqrw sd| d frxsrq wkdw h{fhhgv lwv
h{shfwhg sur�w/ khqfh lw pxvw eh 5 � %1
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Wkhuhiruh= d, iru dq| ydoxh ri S 	 �*o lq wkh ihdvleoh vhw/ wkh �up lv
zloolqj wr sd| dq| frxsrq 5 	 %� KE So3�

q
2

� 	 % 	 K> e, iru dq| S : �*o/ wkh
�up lv zloolqj wr sd| 5 � % 	 K1 Wkh gl�huhqfh ehwzhhq wkh wzr fdvhv uhodwhv
wr wkh idfw wkdw wkh �up xqghu wkh EUF jdlqv ydoxh lq wkh iruphu dqg orrvhv
ydoxh lq wkh odwwhu> khqfh wkh �up lv zloolqj wr sd| ohvv lq wkh iruphu wkdq lq
wkh odwwhu1 Frqvhtxhqwo|/ ghshqglqj rq wkh ydoxh ri S/ zh fdq zulwh=

Ohppd 6 Wkh �up*v uhqhjrwldwlrq vhw iru d �{hg frxsrq lv=

5s 	 4�?

%
%c %� KE

So � �

q2

�

&
+64,

Qrwh wkdw S : �*o kdv dq lpsruwdqw frqvhtxhqfh rq wkh wlplqj ri uhqhjr0
wldwlrq= wklv vkrxog wdnh sodfh dv vrrq dv wkh �up*v sur�w furvvhv wkh wkuhvkrog
ydoxh K1 Frqvlghu dv dq h{dpsoh wkh fdvh wkdw wkh edqn lv pd{lpl}lqj wkh
oltxlglw| suhplxp e| vhwwlqj SW ' �3&q

2

o
: �

o
> wkhq wkh vroxwlrq wr frqglwlrq

+63, lv 5 	 % n &K/ zklfk lv krzhyhu frqvwudlqhg wr wkh vxevhw 5 � %1 Dv
vrrq dv % ' K wkh �up �qgv lw sur�wdeoh wr uhqhjrwldwh1

VWHS 6
Rxu odvw vwhs lv wr frpsduh wkh uhqhjrwldwlrq vhwv ri 5 iru wkh �up +Ohppd

5, dqg iru wkh edqn +Ohppd 6,1 Ohw xv h{dplqh wkh fdvh zkhq wkh EUF
lqfoxghv d oltxlglw| suhplxp S : �*o> khqfh/ 5s lv xqfrqglwlrqdoo| wkh vdph
lq doo vwdwhv +vhh +63, dqg +64,,/ vr wkdw=

5s 	 Kc dqg 5K � &Kc +65,

Fohduo|/ wkh euhdn0hyhq vxp 5K ' &K iru wkh edqn olhv lq wkh uhqhjrwldwlrq vhw
iru wkh �up/ zklfk lpsolhv wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 6 Xqghu qrq0hqirufhdelolw|/ zlwk ohvv wkdq ixoo froodwhudo/ & 	
�/ dw dq| srlqw lq wlph wkh EUF lv qrq �uhqhjrwldwlrq0surri�/ dqg fdq eh
uhqhjrwldwhg iru d �{hg frxsrq 5 ' &K1 Zlwk ixoo froodwhudo/ & ' �/ wkh
uhqhjrwldwlrq vhw ri 5 froodsvhv wr 5 ' K/ vr wkdw wkh EUF lv lqghhg hqirufhg
e| �wkuhdw ri whuplqdwlrq�1<

<Pruh surshuo|/ wklv lv rqh srvvlelolw|/ zkhuh wkh �{hg frxsrq } lv h{shfwhg wr eh sd|hg
e| wkh �up iurp w rqzdug dqg frq�uphg e| lwv dfwlrqv1 Wkhuh pd| eh rwkhu htxloleuld
zlwk orfn0lq dw wkh edqnuxswf| vwdwh/ dqg vxvwdlqhg e| wkh edqn*v shvvlplvwlf h{shfwdwlrqv1
Iru h{dpsoh li } lv fkdqjlqj ryhu wlph wkhuh pd| eh qr htxloleuld ehfdxvh wkh edqn h{shfwv
ixwxuh uhgxfwlrq= Krzhyhu/ d uh�qhphqw olnh vxejdph0shuihfwqhvv ri wkh edqn*v �wkuhdw ri
whuplqdwlrq� pd| holplqdwh vxfk htxloleuld1
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Zh kdyh irxqg wkdw ixoo froodwhudo/ l1h1 qr whuplqdwlrq orvvhv e| wkh edqn/
pdnhv lwv �wkuhdw ri whuplqdwlrq� h�hfwlyh1 Khqfh/ surylghg wkdw wkh pdu0
jlqdo frvw ri oltxlglw| fkdujhg e| wkh edqn lv lq wkh ihdvleoh vhw/ wkh �up
lv lqgxfhg wr ehkdyh wr phhw lwv reoljdwlrq v|vwhpdwlfdoo| olnh lq wkh ixoo
frpplwphqw fdvh1 Frqvhtxhqwo|/ wkh edqn kdv wkh lqfhqwlyh wr �{ wkh pdu0
jlqdo frvw ri oltxlglw| wkdw pd{lpl}hv wkh uhqw lw h{wudfwv iurp wkh �up ydoxh
+Sursrvlwlrq 5,1 Xqghu wkhvh frqglwlrqv/ wkh EUF*v �uhqhjrwldwlrq surri0
qhvv� frphv dw wkh h{shqvh ri h!flhqf|1 Qrz vxssrvh wkdw wkh froodwhudo
pdunhw ydoxh lv qrw lqghshqghqw ri wkh �up*v vwdwh1 D uhdvrqdeoh fdvh lv wkdw
& ' � zkhqhyhu wkh �up lv whfkqlfdoo| vroyhqw/ Z| : K/ dqg & 	 � zkhq wkh
�up lv whfkqlfdoo| lqvroyhqw/ Z| 	 K1 Lq wklv vlwxdwlrq wkh EUF idlov �uhqhjrwl0
dwlrq surri0qhvv�/ l1h1 wkh �up kdv wkh lqfhqwlyh wr rewdlq oltxlglw| dqg wkhq
wr lqgxfh wkh edqn wr uhqhjrwldwh d orzhu frxsrq e| �wkuhdw ri lqvroyhqf|�1
Dqwlflsdwlqj wklv/ wkh edqn zloo qhyhu vljq wkh EUF1 Vkrxog zh frqfoxgh
wkdw wkh EUF lv hlwkhu lqh!flhqw ru qrq0h{lvwhqwB Rxu nh| dujxphqw lv wkdw/
txlwh wkh frqwudu|/ wkh edqn0�up �pxwxdo wkuhdw� lv ehqh�fldo dv lw ohdgv wr
dq hqgrjhqrxv h!flhqw vroxwlrq iru wkh ydoxh ri wkh pdujlqdo frvw ri oltxlglw|
S1 Lq rwkhu zrugv/ wkh h!flhqw dqg �uhqhjrwldwlrq0surri� EUF hphujhv iurp
d frqwlqxrxv udwh ri khdulqj ehwzhhq wkh �up dqg wkh edqn1 Vxfk uhshwlwlrq
ri wkh uhodwlrqvkls pd| vxevwlwxwh h{solflw orqj0whup frqwudfwv dqg surylghv
wkh �up zlwk dssursuldwh �uh�qdqflqj rswlrqv�

Dv zh kdyh vhhq deryh/ wkh �up vkrxog vwduw sd|lqj iru oltxlglw| dv lwv
sur�w idoov ehorz K/ exw lw kdv wkh kljkhvw lqfhqwlyh wr euhdfk wkh EUF dqg
r�hu 5 ' &K wr wkh edqn vrrq diwhu oltxlgw| kdv ehhq judqwhg dqg sur�wv
kdyh uhfryhuhg1 \hw wkh uhqhjrwldwlrq vhw ri 5 iru wkh �up lv d ixqfwlrq ri
S +vhh 64,�Wkhuhiruh/ wkh EUF fdq rqo| eh pdgh uhqhjrwldwlrq0surri li wkh
edqn fkrrvhv S lq vxfk d zd| wkdw lw gulyhv wkh �up*v lqfhqwlyh wr uhqhjrwldwh
wr }hur/ jlyhq lwv zloolqjqhvv wr sd| 5 � %> khqfh/ dffruglqj wr +63,=

KE
So � �

q2

� ' fc +66,

ru=

S '
�

o

l1h1/ wkh suhvhqw ydoxh ri 4 hxur iruhyhu1 Iru wklv ydoxh ri S/ wkh QSY ri
wrwdo oltxlglw| vxsso| lv gulyhq wr }hur/ � ' fcwkh edqn h{wudfwv qr uhqw iurp
wkh �up ydoxh/ dqg wkh �up ydoxh lv h{dfwo| htxlydohqw wr wkh sxuh QSY ri
lqyhvwlphqw1 Wkhuhiruh/ zh kdyh irxqg wkh iroorzlqj �h!flhqf| sursrvlwlrqv�1
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Sursrvlwlrq 7 �� Lq rughu iru d EUF wr eh �uhqhjrwldwlrq0surri � zlwk qr
sulydwh hqirufhdelolw| ri sd|phqwv/ dqg zlwk ohvv wkdq ixoo froodwhudo/ & 	 �/
wkh pdujlqdo frvw ri oltxlglw| pxvw eh S ' �*o1

�� D EUF fdq eh h!flhqw rqo| zlwk ohvv wkdq ixoo froodwhudo dqg �pxwxdo
wkuhdw�

Wkh udwlrqdoh ri sursrvlwlrqv 6 dqg 7 lv wkdw zlwk ixoo froodwhudo wkh edqn*v
�wkuhdw ri whuplqdwlrq� lv vx!flhqw wr hqirufh wkh EUF zlwk wkh pd{lpxp
oltxlglw| uhqwdo suhplxp deryh wkh h!flhqw pdujlqdo frvw ri oltxlglw|1 Zlwk
ohvv wkdq ixoo froodwhudo/ wkh edqn dqg wkh �up rshudwh xqghu �pxwxdo wkuhdw�1
Wkh �up*v �wkuhdw ri lqvroyhqf|� frxqwhuydlov wkh edqn*v �wkuhdw ri whuplqd0
wlrq�/ vr wkdw wkh �up lv lq d srvlwlrq wr ghfoduh lqvroyhqf| dqg lqgxfh wkh
edqn wr uhqhjrwldwh1 Wr dyrlg wklv/ wkh edqn fdq rqo| uhiudlq iurp fkduj0
lqj dq| oltxlglw| uhqwdo suhplxp1 Khqfh wkh edqn0�up �pxwxdo wkuhdw� lv
dq lpsruwdqw phfkdqlvp lq wkh hphujhqfh ri h!flhqw �up0edqn orqj0whup
uhodwlrqvklsv1

7 Frqfoxvlrqv
Zh kdyh vkrzq wkdw �up ydoxh xqghu xqfhuwdlqw| ghshqgv rq wkh frqglwlrqv
ri oltxlgw| vxsso| wkdw wkh �up idfhv lq srvvleoh looltxlglw| vwdwhv1 Qhlwkhu lq0
�qlwh qru }hur oltxlglw| vxsso| duh qrupdo vlwxdwlrqv1 Frvwo| oltxlglw| vxsso|
�rq fdoo� judqwhg wr wkh eruurzhu lv d nh| vshfl�flw| ri wkh edqn0eruurzhu
uhodwlrqvkls1 Zh kdyh h{dplqhg wkh surshuwlhv ri oltxlglw| vxsso| lq wkh irup
ri d uh�qdqflqj frqwudfw ehwzhhq d ydoxdeoh �up wkdw pd| idfh whpsrudu|
looltxlgw| dqg d edqn1 Lq sduwlfxodu/ zh kdyh frqvlghuhg h!flhqf| +frvw0
plqlpl}dwlrq, dqg �uhqhjrwldwlrq surri0qhvv� lq d frqwh{w ri d orqj0whup uh0
odwlrqvkls/ zlwk v|pphwulf lqirupdwlrq exw qrq hqirufhdelolw| ri sd|phqwv1
Rxu pdlq �qglqj lv wkdw wkhvh surshuwlhv ri EUFv gr hphujh lq wkh de0
vhqfh ri shuihfw frpplwphqw dv wkh eruurzhu dqg wkh edqn fdq h{huw pxwxdo
wkuhdw ri whuplqdwlrq1 Wklv frqglwlrq dulvhv zkhqhyhu wkh edqn*v �wkuhdw ri
whuplqdwlrq� +h{huw edqnuxswf| li wkh eruurzhu lv xqzloolqj wr sd|, lv frxq0
whuydlohg e| wkh eruurzhu*v �wkuhdw ri lqvroyhqf|� +ghfoduh lqvroyhqf| dqg
r�hu d uhqhjrwldwlrq ri wkh frqwudfw,1 Zh kdyh irxqg wkdw pxwxdo wkuhdw lv
h�hfwlyh xqghu d vlpsoh dqg jhqhudo frqglwlrq= wkh ordq lv ohvv wkdq ixoo| fro0
odwhudol}hg1 Lq idfw/ li wklv lv wkh fdvh/ edqnuxswf| hqwdlov d orvv iru wkh edqn
wrr/ dqg khqfh lw lv zloolqj wr dffhsw uhqhjrwldwlrq> wr dyrlg uhqhjrwldwlrq/
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wkh edqn kdv wr fkdujh qr oltxlglw| suhplxp1 Dq lpsruwdqw ihdwxuh ri wkhvh
uhvxowv lv wkdw wkh| klqjh rq wkh orqj0whup/ uhshdwhg uhodwlrqvkls ehwzhhq
wkh eruurzhu dqg wkh edqn1 Lq wklv sdshu zh kdyh qrw ghprqvwudwhg wkdw
h!flhqw oltxlglw| vxsso| fdq rqo| eh judqwhg e| d edqn/ exw dv orqj dv lq
rxu hfrqrplhv edqnv duh wkh vshfldol}hg lqvwlwxwlrqv lq oltxlglw| vxsso|/ rxu
frqfoxvlrq dggv zhljkw wr wkh lghd wkdw orqj0whup �up0edqn uhodwlrqvklsv
hqkdqfh �qdqfldo h!flhqf|1

5:



D Dsshqgl{
Zh gh�qh wkh uhjxodwlrq dv wkh srvlwlyh lqfuhphqw _Z| wr ohw Z| vwd| dw K�43

Wkdw lv=

�Z| � Z|u|c iru �Z| 5 dKc4�c +67,

ru lq whup ri wkh uhjxodwhg surfhvv �Z|/ zh jhw=

L| ' �Z| � Z| � Eu| � ��Z|c +68,

zkhuh=

� �� Z| lv d jhrphwulf Eurzqldq prwlrq/ zlwk vwrfkdvwlf gl�huhqwldo dv lq
+4,>

� ��� u| lv dq lqfuhdvlqj dqg frqwlqxrxv surfhvv/ zlwk uf ' �li Zf � Kc
dqg uf ' K*Zf li Zf 	 Kc vr wkdw �Zf ' K(

� ���� u| lqfuhdvhv rqo| zkhq �Z| ' K1

Lq sduwlfxodu/ dowkrxjk wkh surfhvv u| pd| kdyh d mxps dw | ' f lw lv
frqwlqxrxv dqg pdlqwdlqv Z| deryh wkh eduulhu K xvlqj wkh plqlpxp dprxqw
ri frqwuro/ lq wkdw frqwuro wdnhv sodfhv rqo| zkhq Z| zrxog furvv K iurp deryh
zlwk suredelolw| rqh lq wkh devhqfh ri uhjxodwlrq1 Dsso|lqj Lwr*v ohppd wr
+67,/ zh jhw=

_ �Z| ' j �Z|_`| n _�u|c �Zf 5 dKc4�

zkhuh _�u| ' �Z|

_u|

u|

� Z|_u| lv wkh lq�qlwhvlpdoo| vpdoo ohyho ri oltxlglw|
lqmhfwlrq iurp wkh edqn wr wkh �up1 E| +67,/ li �Z| ' Kc zh jhw _ �Z| ' f
dqg wkh udwh ri yduldwlrq ri u| lv htxdo wr wkdw ri Z| wr nhhs �Z| frqvwdqw1
Wkhuhiruh/ uhihuulqj wr _�u|c wkh frvw ri oltxlglw| fdq eh h{suhvvhg dv +Gl{lw/
4<<6/ ss175076,=

_�| ' S_�u| � SZ|_u| +69,

Pdnlqj xvh ri +68, dqg +69, zh duh deoh wr uhzulwh +46, dv=

T SE �Zf( K� ' .f

�]
"

f
e3o|dE �Z| � K�_|� S_�u|o m �Zf 5 dKc4�

�
+6:,

43Zh xvh wkh wkhru| ri uhjxodwhg vwrfkdvwlf surfhvv +Kduulvrq0Wdnvdu/ 4<;6/ Kduulvrq/
4<;8,1 Dssolfdwlrqv ri wklv phwrgrorj| wr hfrqrplf sureohpv fdq eh irxqg lq Ehqwrolod0
Ehuwrod +4<<3,/ Pruhwwr0Urvvlql +4<<<, dqg Pruhwwr0Ydoerqhvl +5333,1
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Vlqfh �Z| lv d Pdunry surfhvv lq ohyhov +Kduulvrq/ 4<;8/ sursrvlwlrq :/ ss1;30
;4,/ zh nqrz wkdw wkh deryh frqglwlrqdo h{shfwdwlrq lv lq idfw d ixqfwlrq
vroho| ri wkh vwduwlqj vwdwh144 Nhhslqj dfwlyh wkh ghshqghqfh ri T S rq �Z|c
dqg dvvxplqj wkdw lw lv wzlfh frqwlqxrxvo| gl�huhqwldeoh/ e| Lwr*v ohppd zh
jhw=

_T S ' T S�_ �Z| n
�

2
T S��E_ �Z|�

2 +6;,

' T S�Eu|_Z| n Z|_u|� n
�

2
T S��u2

|
E_Z|�

2

' T S�Ej �Z|_`| n _�u|� n
�

2
T S���Z2

|
j2_|

'
�

2
T S���Z2

|
j2_|n T S�j �Z|_`| n T S�_�u|

zkhuh zh kdyh xvhg wkh surshuw| wkdw iru d �qlwh yduldwlrq surfhvv dv u|c +_u|,2 '
f� \hw/ dv _u| ' f h{fhsw zkhq �Z| ' K zh duh deoh wr uhzulwh +6;, dv=

_T SE�Z|( K� '
�

2
j2�Z2

|
T S��E�Z|( K�_| n j�Z|T

S�E�Z|( K� _`| n T S�EK( K�_�u| +6<,

Htxdwlrq +6<, lv d vwrfkdvwlf gl�huhqwldo htxdwlrq lq T S� Qrz lqwhjudwlqj e|
sduw wkh surfhvv T Se3o| zh rewdlq +Kduulvrq/ 4<;8/ sdj1:6,=

e3o|T SE�Z|( K� ' T SE�Zf( K�n +73,

n
]

|

f

e3ord
�

2
j2�Z2

r
T S��E�Zr( K�� oT SE�Zr( K�o_r

nj
]

|

f

e3or�ZrT
S�E�Zr( K� _`r n T S�EK( K�

]
|

f

e3or_�ur

Wdnlqj wkh h{shfwhg ydoxh ri +73, dqg ohwwlqj | $ 4c li wkh iroorzlqj frqgl0
wlrqv krog=

44Iru �3 @ � ? e rswlpdo frqwuro zrxog uhtxluh wkdw O kdv d mxps dw }hur vr dv wr hqvxuh
��3 @ e= Lq wklv fdvh wkh lqwhjudo rq wkh uljkw ri +6:, lv gh�qhg wr lqfoxgh wkh frqwuro frvw
f�O3 lqfxuuhg dw w @ 3> wkdw lv +vhh Kduulvrq 4<;8/ s14350436,=]

4

3

h�uwg�O
w

� �O3 .

]
+3>4,

h�uwg�O
w

5<



+d, *�4
�<"

�hdA E�� : A EK� m �Zf 5 dKc4�o ' f shu K � �Z| 	 � 	 4c zkhuh
A E�� ' �?uE| � f m �Z| ' �� dqg A EK� ' �?uE| � f m �Z| ' K�(

+e, T SE�Zf( K� lv erxqghg lq dKc4�(

+f, e3o|�Z|T
S�E�Z|( K� lv erxqghg lq dKc4�(

+g, T S�EK( K� ' S(

+h, �

2
j2�Z2

|
T S��E�Z|( K�� oT SE�Z|( K� ' �E �Z| � K�c

zh rewdlq wkh h{suhvvlrq iru T SE�Z|( K� lqglfdwhg lq +6:,1 Frqglwlrq +d,
vd|v wkdw wkh suredelolw| wkdw wkh uhjxodwhg surfhvv �Z| uhdfkhv lq�qlw| ehiruh
uhdfklqj vrph rwkhu ydoxh zlwklq dKc4� lv qxo1 Dv �Z| lv d jhrphwulf w|sh ri
surfhvv wklv frqglwlrq lv / lq jhqhudo/ dozd|v vdwlv�hg +Nduolq0Wd|oru/ 4<;4/
sdj1 55;0563,1 Ixuwkhupruh/ li frqglwlrq +d, krogv dqg T SEZ( K� lv erxqghg
lq dKc4�cwkhq dovr frqglwlrqv +e, dqg +f, krog wrr1 Ilqdoo|/ lwv lv zruwk
qrwlqj wkdw iru Zf � Kc uf ' � dqg wkhq �Zf ' Zf ' Z vr wkdw T SE�Zf( K� '
T SEZ( K�� Rq wkh rwkhu kdqg/ li Zf 	 Kc zh jhw uf ' K*Zfc vr wkdw �Zf ' K dqg
T SE�Zf( K� ' T SEK( K��

Ilqdoo|/ e| wkh frqglwlrqv E�� � E����c wkh srolf| u| vd| wkdw sur�wv duh
dxjphqwhg lq wkh plqlpxp dprxqwv frqvlvwhqw zlwk wkh uhvwulfwlrq �Z| � K�
Ixuwkhu/ wkh vdph frqglwlrqv E��� E���� xqltxho| ghwhuplqh u| zlwk wkh irup
+Kduulvrq/4<;8> sursrvlwlrq 6/ sdj1 4<053,=45

u| �
;?
=

4@ E�c K*Zf� iru | ' f
t�T
f$�$|

EK*Z�� iru | � f c

Qrz/ zh pd| yhuli| wkdw=

��Zf
q
2 ' .f

�]
"

f
e3o|dE �Z| � Z|�_|� S_�u|o m �Zf 5 dKc4�

�
+74,

' .f

�]
"

f
e3o|dEu| � ��Z|_|� SZ|_u|o m �Zf 5 dKc4�

�

45Wklv lv dq dssolfdqwlrq ri d zhoo nqrzq uhvxow e| Ohy| +4<7;, iru zklfk wkh surfhvv=

oq ��
w

� oq�
w

. oqO
w

� oq�
w

. vxs
3�y�w

+oq e� oq�
y

,

kdv wkh vdph glvwulexwlrq ri wkh �uh hfwhg Eurzqldq surfhvv� m oq e� oq�
w

m =
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Iluvw/ iru hdfk A : fc wkh lqwhjudwlrq e| sduwv jlyhv=

]
A

f

e3o|Z|_u| ' e3oAZAuA � Zfuf n o
]

A

f

e3o|Z|u|_|�
]

A

f

e3o|u|_Z| +75,

Wdnlqj wkh h{shfwdwlrq ri erwk vlgh dqg xvlqj wkh }hur h{shfwdwlrq surshuw|
ri wkh Eurzqldq prwlrq +Kduulvrq/ 4<;8/ sdj195096,/ wkhq jlyhv=

.f

]
A

f

e3o|Z|_u| ' ZAuA.fde
3oA o n o.f

]
A

f

e3o|Z|u|_|� Zfuf +76,

E| wkh Vwurqj Pdunry surshuw|46 ri �Z| lw iroorzv wkdw ZAuA.fde
3oA o '

ZAuA

�
Z

ZA

�
q
� vr wkdw ZAuA

�
Z

ZA

�
q
� $ f doprvw vxuho| dv A $ 4� Vxevwl0

wxwlqj lq +76, dqg uhduudqjlqj zh rewdlq=

.f

]
"

f

e3o|�Z|_| '
Zfuf

o
n

�

o
.f

]
"

f

e3o|Z|_u| +77,

Wkhuhiruh/ uhduudqjlqj zh jhw wkdw wkh h{shfwhg glvfrxqwhg ydoxh ri wkh �up*v
ryhugudiw sd|phqwv pdwfkhv wkh wrwdo ydoxh ri ryhugudiwv=

�

o
.f

]
"

f

e3o|_�| ' S.f

]
"

f

e3o|L|_| +78,

Ilqdoo|/ uhfdoolqj wkdw Zfuf ' Z li Zf � K dqg Zfuf ' K li Zf 	 Kc htxdwlrq
+77, dqg +78, doorz/ e| yhul�fdwlrq/ wr frqfoxgh wkdw=

ESo � ��
�
.f

]
"

f
e3o|L|_|

�
� �Zq

2 ru �Kq2

46Wkh Vwurqj Pdunry Surshuw| ri uhjxodwhg Eurzqldq prwlrq surfhvvhv vwuhvvhv wkh idfw
wkh vwrfkdvwlf vwrsslqj wlph W dqg wkh vwrfdvwlf surfhvv ��

w

duh lqghshqghqw +Kduulvrq/
4<;8/ sursrvlwlrq :/ ss1;30;4,1 Wkdw lv/ dv O

w

ghshqgv rqo| rq wkh sulplwlyh h{rjhqrxv
surfhvv �

w

> wkh Pdunry surshuw| h{whqgv wr wkh hqgrjhqrxv uhjxodwhg surfhvv ��
w

=
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Uhihuhqfhv
^4` Doohq I1 +4<;6,/ �Fuhglw udwlrqlqj dqg sd|phqw lqfhqwlyhv�/ Uhylhz ri

Hfrqrplf Vwxglhv/ 83/ 96<0979

^5` Dqghuvrq U1/ Vxqgduhvdq V1 +4<<9,/ �Ghvljq dqg Ydoxdwlrq ri Ghew
Frqwudfwv�/ Uhylhz ri Ilqdqfldo Vwxglhv/ </ 6:09;1

^6` Ehqwrolod V1/ dqg J1 Ehuwrod/ +4<<3,/ �Ilulqj Frvwv dqg Oderxu Ghpdqg=
Krz Edg lv HxurvfohurulvB�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 6;407351

^7` Eodfn I1/ Fr{ M1 +4<:9,/ �Ydoxlqj Frusrudwh Vhfxulwlhv= Vrph H�hfwv ri
Erqg Lqghqwxuh Surylvlrqv�/ Mrxuqdo ri Ilqdqfh/ 64/ 684069:1

^8` Erowrq S1 dqg Vfkduivwhlq G1 +4<<3,/ �D Wkhru| ri Suhgdwlrq Edvhg
rq Djhqf| Sureohpv lq Ilqdqfldo Frqwudfwlqj�/ Dphulfdq Hfrqrplf
Uhylhz/ ;3/ <604391

^9` Eudqqdq P1/ Vfkzduw} H1 +4<:;,/ �Frusrudwh Lqfrph Wd{hv/ Ydoxdwlrq/
dqg wkh Sureohp ri Rswlpdo Fdslwdo Vwuxfwxuh�/ Mrxuqdo ri Exvlqhvv/
84/ 43604471

^:` Forzhu U1Z1 +4<9:,/ �D Uhfrqvlghudwlrq ri wkh Plfurirxqgdwlrqv ri
Prqhwdu| Wkhru|�/

Zhvwhuq Hfrqrplf Mrxuqdo/ 7/ ;3043:

^;` Gldprqg G1Z1 +4<;7,/ �Ilqdqfldo Lqwhuphgldwlrq dqg Ghohjdwhg Prql0
wrulqj�/ Uhylhz ri Hfrqrplf Vwxglhv/ 84/ 6<607471

^<` Gldprqg G1Z1/ G|eylj S1 +4<;6,/ �Edqn Uxqv/ Ghsrvlw Lqvxudqfh dqg
Oltxlglw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4/ 734074<1

^43` Gl{lw D1/ +4<;<,/ �Hqwu| dqg H{lw Ghflvlrqv xqghu Xqfhuwdlqw|�/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ <:/ 953096;1

^44` Gl{lw D1/ +4<<6,/ Wkh Duw ri Vprrwk Sdvwlqj/ Kduzrrg Dfdghplf Sxe0
olvkhuv= Fkxu FK1

^45` Gl{lw D1/ dqg U1 Slqg|fn/ +4<<7,/ Lqyhvwphqw xqghu Xqfhuwdlqw|/ Sulqfh0
wrq Xqlyhuvlw| Suhvv= Sulqfhwrq1
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^46` Hdwrq M1 dqg Jhuvrzlw} P1 +4<;4,/ �Ghew zlwk Srwhqwldo Uhsxgldwlrq=
Wkhruhwlfdo dqg Hpslulfdo Dqdo|vlv�/ Uhylhz ri Hfrqrplf Vwxglhv/ 7;/
5;<063<1

^47` Hdwrq M1/ Jhuvrzlw} P1 dqg Vwljolw} M1 +4<;9,/ �Rq wkh Sxuh Wkhru| ri
Frxqwu| Ulvn�/ Hxurshdq Hfrqrplf Uhylhz/ 7;408461

^48` Idpd H1 +4<;8,/ �Zkdw*v Gl�huhqw Derxw EdqnvB�/ Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 48/ 5<06<

^49` Iuhl{dv [1 dqg Urfkhw M1F1 +4<<;,/ Plfurhfrqrplfv ri Edqnlqj/ Wkh
PLW Suhvv= Fdpeulgjh PD1

^4:` Jdoh G1 dqg Khoozlj P1 +4<;8,/ �Lqfhqwlyh0frpsdwleoh Ghew Frqwudfwv=
Wkh Rqh Shulrg Sureohp�/ Uhylhz ri Hfrqrplf Vwxglhv/ 85/ 97:09961

^4;` Jrrgkduw F1D1+4<;<,/ Prqh|/ Lqirupdwlrq dqg Xqfhuwdlqw|/ PdfPlo0
odq= Orqgrq/ 5qg1 hg1

^4<` Kduulvrq M1P1/ dqg P1W1 Wdnvdu/ +4<;6,/ �Lqvwdqwdqhrxv Frqwuro ri
Eurzqldq Prwlrq�/ Pdwkhpdwlfv dqg Rshudwlrqv Uhvhdufk/ ;/ 76<07861

^53` Kduulvrq M1P1/ +4<;8,/ Eurzqldq Prwlrqv dqg Vwrfkdvwlf Iorz V|vwhpv/
Zloh|= Qhz \run1

^54` Kdxeulfk M1J1/ +4<;<,/ �Ilqdqfldo Lqwhuphgldwlrq/ Ghohjdwhg Prqlwrulqj
dqg Orqj0Whup Uhodwlrqvklsv�/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 46/ <0
531

^55` Khoozlj P1 +4<<4,/ �Edqnlqj/ Ilqdqfldo Lqwhuphgldwlrq dqg Frusrudwh
Ilqdqfh�/ lq Jlrydqqlql D1 dqg Pd|hu F1 +hgv1,/ Hxurshdq Ilqdqfldo
Lqwhjudwlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv= Fdpeulgjh/ 680961

^56` Klfnv M1U1 +4<9:,/ Fulwlfdo Hvvd|v lq Prqhwdu| Wkhru|/ Foduhqgrq Suhvv=
R{irug1

^57` Klfnv M1U1 +4<;<,/ D Pdunhw Wkhru| ri Prqh|/ Eodfnzhoo= R{irug1

^58` Nduolq V1/ dqg K1P1 Wd|oru +4<;4,/ D Vhfrqg Frxuvh lq Vwrfkdvwlf
Surfhvvhv/ Dfdghplf Suhvv= Orqgrq1
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^59` Nh|qhv M1P1 +4<69,/ Wkh Jhqhudo Wkhru| ri Hpsor|phqw/ Lqwhuhvw dqg
Prqh|/ lq Wkh Froohfwhg Zulwlqjv ri Mrkq Pd|qdug Nh|qhv/ hg1 e| H1
Prjjulgjh/ Pdfploodq= Orqgrq/4<:6/ yro1YLL1

^5:` Ohodqg K1 +4<<7,/ �Frusrudwh Ghew Ydoxh/ Erqg Fryhqdqwv/ dqg Rswl0
pdo Fdslwdo Vwuxfwxuh�/ Mrxuqdo ri Ilqdqfh/ 7</ 4546045851

^5;` Ohy| S1/ +4<7;,/ Surfhvvxv Vwrfkdvwltxhv hw Prxyhphqw Eurzqlhq/
Jdxwklhu0Ylooduv= Sdulv1

^5<` Oxfdv U1H1+4<;3,/ �Htxloleluxp lq d Sxuh Fxuuhqf| Hfrqrp|�/ Hfr0
qrplf Lqtxlu|/ 5;/ 450661

^63` PfGrqdog U1/ dqg G1 Vlhjho +4<;8,/ �Lqyhvwphqw dqg Ydoxdwlrq ri Ilupv
zkhq wkhuh lv dq Rswlrq wr Vkxw Grzq�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/
59/ 664067<1

^64` Pd|hu F1 +4<<7,/ �Wkh Dvvhvvphqw1 Prqh| dqg Edqnlqj/ Wkhru| dqg
Hylghqfh�/ R{irug Uhylhz ri Hfrqrplf Srolf|/ 45/ ss140461

^65` Pd|hu F1 +4<;;,/ �Qhz Lvvxhv lq Frusrudwh Ilqdqfh�/ Hxurshdq Hfr0
qrplf Uhylhz/ 65/ 449:044;;1

^66` Phood0Eduudo S1/ Shduudxglq Z1U1 +4<<:,/ �Vwudwhjlf Ghew Vhuylfh�/
Mrxuqdo ri Ilqdqfh/ 85/ 86408891

^67` Phuwrq U1 +4<:7,/ �Rq wkh Sulflqj ri Frusrudwh Ghew= Wkh Ulvn Vwuxf0
wxuh ri Lqwhuhvw Udwhv�/ Mrxuqdo ri Ilqdqfh/ 5</ 77<079<1

^68` Pruhwwr P1/ dqg J1 Urvvlql +4<<<,/ �Wkh H!flhqw Dvvljqphqw ri wkh
H{lw Rswlrq�/ Ghsduwphqw ri Hfrqrplfv/ Eurzq Xqlyhuvlw|/ Zrunlqj
Sdshu q1 <<05<1

^69` Pruhwwr P1/ dqg S1 Ydoerqhvl +5333,/ �Rswlrq wr Uhyrnh dqg Uhjxodwlrq
ri Orfdo Xwlolwlhv�/ IHHP Qrwd gl Odyrur q1 84133/ Plodq1

^6:` Shuudxglq Z1U1/ Svloodnl P1 +4<<<,/ �Frusrudwh Uhvwuxfwxulqj= Wkh Lp0
sdfw ri Ordq Vdohv dqg Fuhglw Ghulydwlyhv�/ Elunehfn Froohjh/ Orqgrq/
dqg LGHIL0FQUV/ Qlfh/ plphr1

^6;` Vdodqlì E1/ +4<<:, Wkh Hfrqrplfv ri Frqwudfwv/ PLW Suhvv= Fdpeulgjh
PD1
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^6<` Vkdush V1D1 +4<<3,/ �Dv|pphwulf Lqirupdwlrq/ Edqn Ohqglqj dqg Lp0
solflw Frqwudfwv= D Vw|ol}hg Prgho ri Fxvwrphu Uhodwlrqvklsv�/ Mrxuqdo
ri Ilqdqfh/ 78/ 439<043;:1

^73` Vwljolw} M1 dqgZhlvv D1 +4<;6,/ �Lqfhqwlyh H�hfwv ri Whuplqdwlrq= Dssol0
fdwlrqv wr wkh Fuhglw dqg Oderu Pdunhwv�/ Dphulfdq Hfrqrplf Uhylhz/
:6/ <450<5:1

^74` Wrzqvhqg U1 +4<:<,/ �Rswlpdo Frqwudfwv dqg Frpshwlwlyh Pdunhwv
Zlwk Frvwo| Vwdwh Yhul�fdwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 53/ 5980
<61

^75` yrq Wkdgghq H1L1 +4<<3,/ �Edqn/ Ilqdqfh dqg Orqj0Whup Lqyhvwphqw�/
Glvfxvvlrq Sdshu qr1<343/ Xqlyhuvlw| ri Edvho1
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